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Ac.| 34-315 | s9—450 | 116—625 
CURRENT RANGE 
D.c.| 27-250 | 47—360 | 95—520 
FHE ONLY OIL-COOLED 
MAX. 
Ac/DC WELDING EQUIPMENTS HAND WELDING | 8 nt 
CURRENT D.c.| 200 280 520 
AVAILABLE IN GREAT BRITAIN 
PRICE £310 £385 £495 
The turn of a switch gives a choice of A.C. or D.C. welding 
current. 
This advanced design of portable single-operator welding Send for full details to: 
equipment employs extremely efficient silicon diode rectifiers, The ENGLISH ELECTRIC Company Limited. 


Welding Equipment Department, 
East Lancashire Road, Liverpool, 10. 
immersed for maximum cooling. The simple and robust Telephone: AINTREE 3641. 


protected against transient voltage spikes and completely oil- 


construction ensures long, economical trouble-free service 


with virtually no maintenance. 






Provision is made in all sets 





for inbuilt power 







factor correction. 





welding 
A.C/D.C equipment 








Tue ENGLISH ELECTRIC Company LIMITED, ENGLISH ELECTRIC House, STRAND, LONDON, W.C.2 
WORKS STAFFORD PRESTON ° RUGBY ° BRADFORD LIVERPOOL ACCRINGTON 


Inside front cover 




















oe 


























HARVEY FACILITIES AND PRODUCTS 


CLASS I WELDED PRESSURE VESSELS TO 
LLOYD’S AND A.S.M.E. CODES * HEAT 
TREATMENT AND RADIOGRAPHY ~- DIE- 
PRESSED AND ‘ROTARPREST’ HEADS UP TO 
15 FT. DIA. — Larger sizes to specification 
WELDED PRESSURE VESSELS AND FABRICA- 
TIONS IN ALL METALS - STEEL PLATE AND 
SHEET METALWORK - HEAVY MACHINING 
AND FITTING. 


HARVEY 





WHEN YOU ARE 


thinking 94 


—THINK OF HARVEY 


Harveys have the ‘know-how’, the space, the 
equipment and the skilled men to produce large 
fabricated assemblies with efficiency. 

Assemblies up to 120 tons can be handled in one 
piece, and completed down to final machining. 
Full equipment is maintained for automatic 
welding, and stationary and portable X-ray units 
are supplemented by Radioisotopes for non- 
destructive testing. 

Harvey engineers are always available to discuss 
your fabrication problems, and to advise how we 
can best help you. 


Left: A mild steel jacketed Autoclave to Class 1 construction 
with electrically driven stirring gear. 


Below: This Ethylene Oxide Reactor weighs 135 tons, is 
9 ft. 6 ins. in diameter and contains over 1§ miles of 1} in. 
dia. catalyst tube. 


4 WELDED FABRICATIONS 


G. A. HARVEY & CO. (LONDON) LTD., WOOLWICH ROAD, LONDON, S.E.7. GREenwich 3232 (22 lines) 
> 
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FOR TUNGSTEN 
ARGON ARC 
WELDING EQUIPMENT 


Saturn branches are located in Glasgow, Aldridge, 
Manchester, Sheffield, Lymington, Sunderland, 
Thornaby-on-Tees and Southall. Each branch 
stocks the Saturn Seirion D.C. Tungsten Argon 
Arc Welding Unit, which has been developed 
specifically for the welding of stainless steel, 
nickel chromium alloys, copper and copper alloys. 
Used in conjunction with a D.C. welding power 
source, the ‘Seirion’ is automatic in operation, 
and requires no ancilliary equipment such as foot 
switches and economisers. It is also ideal for site 


work, due to the ability to operate without an 





A.C. supply. Radio interference is negligible. 
Compact and portable, the ‘Seirion’ measures 
134 x 104 x 8} and weighs 25 Ibs. 





INDUSTRIAL GASES LTD 


‘Erl Wood’, Windlesham, Surrey 


QA Telephone: Bagshot 2441 


* * 














Be sure 
of getting your 


V7 LOTING 


Go to a firm with the capacity to absorb your 
work and the experience to schedule it 
accurately. Robey have the capacity and are 


* 
familiar with all types of welded construction. 
on time....: ¥P 


Deliveries are punctual and complete. 


Robey's regular production includes Lloyds 

to Class | Pressure Vessels. They have produced 
all-welded boilers up to 1300 Ib. p.s.i. working 

ifi 7 pressure. Rigid laboratory and X-Ray tests are 
speci ica ion ® a constant check on every job, in addition to 


other normal factory tests. 


Robey'’s experience allows them to quote 
accurately and conform to their price. “Unfore- 
seen eventualities’’ don't occur. And Robey 


uoted quotations are also competitive; next time 
Ss e« ep 8p 8 6 you've work to place, get a proposal from— 





ROBEY 


- 
— 
ey . 
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Sr 
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ROBEY & CO. LTD. P.O. BOX 23 LINCOLN (TELEPHONE 21381) 
London Office: 11 Princes Street, Hanover Square, W.1. (Telephone: HYDe Park 4971) 
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the extensive range of 


AE! 


welding equipment 


De 





Submerged Arc 


rs 








Resistance \ 
; 


equipment from AEI. For further particulars write to your 
local AEI office, or direct to— 












Atomic Hydrogen Arc 







A.C. Arc 


d? 


D.C. Rectifier Arc 


\ 
» 


Inert Gas Arc 








Behind the range of AEI electric welding 
equipment is the research and experience of a vast 
engineering organisation making extensive use of this 
equipment in its own factories. 
You have the benefit of all this when you buy welding 


Associated Electrical Industries Ltd. 
Transformer Division Heating & Welding Dept. 
TRAFFORD PARK --- MANCHESTER 17 

















L/w9o0s 
BRITISH WELDING JOURNAL ; 























Where sections 


vary greatly ... 


...z2 films are better than 1 


ILFORD technicians pioneered multiple film technique 
in industrial radiography. This has been graphically 
described as a “sandwich” of two or more films, and the 
technique gives vastly superior results where specimens with 
widely varying densities have to be critically examined. 


The “sandwich” consists of two or more films of 
different speeds loaded into a standard cassette for 
simultaneous exposure. Thick sections of the specimen 
register clearly on the faster film, and the thinner sections 


on the slower film. The effects of differential exposure can 
be accentuated by using lead screens in the “sandwich”. 
The technique can also be used for making duplicate 
radiographs by using two films of the same speed. 


Choice of the appropriate ILFORD Industrial X-ray 
films obviously depends on the subject, the tube voltage 
and the presence or absence of screens. Full details of 
film choice and voltages, as well as lead screens, will be 
forwarded by request. 


For improved radiographic examination 





ILFORD 


ILFORD 
JUNE, 1961 


LIMITED 


ESSEX 


INDUSTRIAL X-RAY FILMS, CHEMICALS, 
CASSETTES AND LEAD SCREENS 
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The HUGH SMITH “TRU-EDGE” 
PLATE EDGE PLANER 


is the ideal machine for rapid and accurate 
preparation of plate edges for welded construction. 


Very modern design developed over many years of experience, 
incorporating: 


High efficiency worm gearing with single spiral rack pinion drive. 


Wide main slide with replaceable inserts which can readily be replaned 
when necessary—fully protected by steel cover. 


Unit construction tool standard, with motorised adjustment, built into 
the saddle. 


2” square cutting tool—will plane plates or bundles of plates up to 2” thick. 
Vertical rise toolbox available for progressive planing up to 6” thick. 
Swivel action available for planing bevels up to 35° either way. 


High efficiency lighting on cutting tool and plate edge. Made with beam 
type clamping or hydraulic clamping (illustrated). 


A rotary shearing head can be supplied which shears up to 14” wide from 
plate edge with an accuracy of 0-01” in 40 ft.—much faster and more 
economical than flame cutting. 


The machine is made in lengths of 25, 30, 35 and 40 ft. 


HUGH SMITH (GLASGOW) LTD 
Hamiltonhill Road - Possilpark - Glasgow N 2 


We also make a full range of machines for manipulation of plates and sections 
BENDING ROLLS, STRAIGHTENING ROLLS, FLANGING PRESSES, GAP PRESSES, Etc. 
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THE SADDLE AND CONTROLS 





BEAM TYPE CLAMPING MACHINE 
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A revolutionary concept of 
submerged arc welding 
FULLY AUTOMATIC WELDING. 
GIIDED BY HAND  - ag 


> ae 


TRADE MARK 


mechanized 


SQUIRT 
WELDER 


.»+++1WICE as fast as 
manual welding 


The “Squirt” offers you the combined advantages of 
automatic submerged arc welding with the versatility 
of manual electrodes. For the first time a semi-auto- 
matic welder has automatic travel, flux and wire feed 
mechanisms in addition to controlled arc voltage and. 
welding current. Simplicity itself to operate—just set the 
current and voltage, preset the travel speed of the gun, 
line up the joint, place the gun in position and push 
the trigger. 


THE RESULT—HIGH SPEED 
HIGH QUALITY 
SUBMERGED ARC WELDS 


REDUCES COSTS! 
IMPROVES QUALITY High Operating Factor, the automatic feed of Electrode and flux enables 


Consistent welds equal to those made with fully automatic continuous welding of hundreds of feet. It gives deeper penetration, 
using minimum weld metal, the automatic travel guarantees consistent 


weld, eliminates scarfing and reduces waste. It has low flux consumption 
and a versatility of application. 










equipment, and approved by Lloyds. The “Squirt’ with 
“Idealarc” alloy fluxes welds all alloy steels. 


For further details write to :— 


ARM CO 76 GROSVENOR STREET, 


LIMITED LONDON, W.1. Tel: HyDe Park 9711 
SOLE DISTRIBUTORS IN THE U.K. FOR 
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At Motherwell, the steel ees 
centre of Scotland, the Uni- ry « 

versal Beam Mill is at an The Lanarks ire 
advanced stage of construc- s t ee I Gc QO. L t d ” 


tion. 


MOTHERWELL SCOTLAND 


fi ies 
When the new mill comes One of the Colviile Group of Companie 


into operation the Lanark- 


shire Steel Company will be 
producing a wide range of 
Universal beams and col- 
umns for various structural 


uses in Britain and overseas. 
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THE FASTEST 

AND CHEAPEST WAY OF FIXING 
ATTACHMENTS LIKE THESE 

OR THREADED STUDS 

TO A METAL SURFAGE IS... 


(rompton Parkinson 


ASK US TO PROVE IT! 


CROMPTON PARKINSON (STUD WELDING) LTD - 1-3 BRIXTON ROAD - LONDON SWS - TEL: RELIANCE 7676 
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Mallory electrodes 
keep their shape 








WELD AFTER WELD AFTER WELD AFTER WELD AFTER WELD 


Efficiency in seam welding depends much on 2 q 
the performance of the electrodes — particularly 
upon their ability to retain good tread contour for long 
periods without need for costly and time-wasting redressing. 
Mallory electrodes hold their tread shape excellently. All 
Mallory materials have the characteristic feature of perfect 
balance of conductivity and hardness and give the best per- 

formance for the longest time. 
There is a Mallory electrode for every resistance welding 
process and a Mallory holder or fitting for every type 
of assembly. 
Book 1200 “Mallory Resistance Welding” is free on request. 
Specialised Products of 


Johnson <% 
ENSEEN) Matthey 








JOHNSON, MATTHEY & CO., LIMITED controlling MALLORY METALLURGICAL PRODUCTS LTD. 
73-83 HATTON GARDEN, LONDON, E.C.! Telephone: Holborn 6989 


Vittoria Street, Birmingham, |, Telephone: Central 8004 75-79, Eyre Street, Sheffield, 1. Telephone: 29212 
W.02/226 
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CAN 
SAVE 
MORE 
IN YOUR 


“PLANT 


EUTECTIC WELDING ALLOYS COMPANY LTD 


NORTH FELTHAM TRADING ESTATE, FELTHAM, MIDDLESEX. Phone: FEL 6571 






oe & See 






The latest edition of Eutectic’s ‘Maintenance Welding 
Data Book’ explains how you can save more time, 
money and materials with the unique ‘Low Heat Input’ 
process for joining metals using standard arc and gas 
equipment. This fact-crammed 72 page book explains 
the process and lists over 150 ‘Eutectic Low Tempera- 
ture Welding Alloys’ and allied products together 
with valuable application and technical data. 






New from the show! New products from Eutectic’s Research Programme on 
view for the first time at the 1961 Welding Exhibition, Olympia, include: 


QUENCHWELD—a new process for repair welding heavy iron castings in +5 normal 
time. 


EUTECTONIUM 172—a new hard-surfacing electrode joining the utmost resistance to 
friction, impact, corrosion, and high temperatures. 


EUTECSIL 1020 FC—the first ever thin flowing flux-coated ‘Silver brazing type’ alloy 
and companion EutecRod 1030 FC eliminate time-wasting flux mixing and application. 


AUTOCHEMIC 990—a new paste compound for joining virtually all aluminium alloys 
at low temperature. 


EUTECROD 1909—for joining aluminium and magnesium alloy casting to ferrous and 
non-ferrous metals. 


EUTECTRODE 71—a new chrome-moly type electrode for joining and overlay applica- 
tions. 


Here’s proof! ‘ Guaatenergetcde nae 


See for yourself! Post this coupon for your | EUTECTIC-PLEASE SEND 
copy of the Data Book containing details of 

the complete range of ‘Eutectic Low Tem- C) Free Data Book 

perature Welding Alloys’ and associated () Weld Saving Report 
products. Ask for a demonstration in your 
own workshops and on your own equipment. 
Our local technical representative will 
gladly give free advice. 


NAME 





BUSINESS ADDRESS 








B.W.]J.26 
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aed Ew?! HANCOCK 


LIGHTWEIGHT FLAME PLANER 


Cuts all four sides of a plate at the same time 


Hancock’s lightweight Flame Planer is a simplified 
version of their tremendously successful Hanco- 
plane. It embodies most of the important features 
of the Hancoplane in a machine costing substan- 
tially less than other machines of similar capacity 
and performance. 

% Deals with plate up to 12’ 0” wide and with a standard 


length of 30’ 0” — this can be increased to any desired length. 
Cutting heads can be adapted to cut ‘slow’ curves. 


Full technical details of both these new oxygen cutting 
machines and the rest of the Hancock range available 
on request. 


HANCOCK 


makes news — at the Welding Exhibition! 


“Impressive developments in oxygen cutting”’ 





NEWS? nancock 


TUBE PROFILING MACHINE 

Makes its own templates direct from drawings! 

* Suitable for the weld preparation of pipes from 
3”—-12” dia. 

* Fitted with a multiplying device - to save 
templates. 











Win a new Hancock 01. U-arm Machine! 
To celebrate their fortieth year Hancock’s will be 
giving this valuable machine to the owner of the 
oldest Hancock profiling machine. Entries close 
August 31st, 1961. Please write and let us know 
your oldest machine. 





HANCOCK & Co. (ENGINEERS) LIMITED 


Progress Way - Croydon - Surrey - Telephone: CROydon 1908 
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THE WELDER’S NOTEBOOK — NO. 3 


Welding Cupro-Nickel alloys 


Every welder remembers the difficulties he once encountered in welding 
copper-nickel alloys, especially the thicker gauges. Even the shielded-arc 
processes were not entirely satisfactory at first, owing to lack of suitable 
fillers. More recently, as a result of intensive research, IC I Metals Division 
has developed special filler alloys which enable strong sound welds to be 
made by inert-gas shielded-arc processes. Essentially similar in 

composition to the parent materials, these alloys contain small amounts 

of powerful deoxidants, sufficient to prevent porosity without affecting 
corrosion resistance. These special cupro-nickel alloys are also suitable as 
core wires for metal-arc electrodes and as filler wires for gas welding. 


/ 


minder As the Commonwealth’s largest producer of wrought 


XR non-ferrous metals, ICI Metals Division has built up 


exceptional knowledge of welding techniques. We specialise in wrought 
metals and alloys particularly suitable for welding and brazing—and in materials for 
carrying out the various welding techniques. We are always glad to help clients in 
selecting the most appropriate materials and processes. Please send now for our 
booklet ‘I C I Welding Rods and Brazing Materials’. 




















ICI Cupro-Nickel Welding Rods 

































. . 
Quick delivery Fae 
Allo Size ran Process lex pol 
We make a very large ’ - = 
range of welding and ; anon 
brazing rods and orders ae” ab sated = "7 —— 
for many standard lines nickel-iron) straight lengths type flux) 
Also on spools for Argon arc and 
can be filled from stock. LG.S.M.A. 1.G.S.M.A. 
Your nearest IC I welding 
SALES OFFICE will 80/20 As above Argon arc and 1130-1190 
cupro-nickel 1.G.S.M.A. 
ensure that you get 
prompt delivery of any au | |e. 
materials ordered. 
























Rod identification 


e usually supp! 


‘Kunifer 5 (copper-nickel-iron)—B/1 
80/20 cupro-nickel—Blue and 


70/30 cupro-nickel—B/ue and 






METALS 
DIVISION 





IMPERIAL CHEMICAL INDUSTRIES LIMITED, LONDON, S.wW.1 
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NON-DESTRUCTIVE 


TESTING 








Laboratory and Site 
NON-DESTRUCTIVE TESTING SERVICE 


X-RAY . GAMMA RAY . ULTRASONIC 


Magnetic and Fluorescent Crack Detection 
ANYWHERE ANYTIME 


GAMMA-RAYS LTD 


FOUNDRY LANE, SMETHWICK, 40 STAFFS. 
Telephone: SMEthwick 0846 











INSPECTION SERVICES LTD 


Oldfields Trading Estate 
Sutton By-Pass, Sutton, Surrey. 


NON-DESTRUCTIVE EXAMINATION OF WELDING 
CONCRETE, ETC., BY X-RAY, GAMMA RAY, 
ULTRASONIC AND CRACK DETECTION 
A.D. APPROVED TEST HOUSE A.R.B. APPROVED 


BACKED BY 28 YEARS’ PRACTICAL AND 
TECHNICAL EXPERIENCE OF WELDING 


Telephone: Fairlands 4546. 














ULTRASONOSCOPE CO. (London) LTD. 


One of the pioneer teams offer the complete Ultrasonic 
testing service: 

% Manufacturers of Ultrasonic Flaw Detectors 

% Consultants in Ultrasonic Flaw Detection 

%* Ultrasonic Inspection Service 

% Designers of Special Equipment 


SUDBOURNE ROAD, BRIXTON HILL, 
LONDON, S.W.2 Tel: BRixton 404! 











THE ARDROX No. 996 


FLAW 
DETECTION KIT 


Using self spraying aerosol dispensers. 
A.LD. approved process for all crack 
detection on welds, bar and sheet. 


BRENT CHEMICAL PRODUCTS LTD 


COMMERCE ROAD, BRENTFORD, MIDDLESEX 
Telephone: ISL. 5444/5/6 











almer 


NON-DESTRUCTIVE TEST SERVICE 


X-Ray and Gamma-Ray service (Test House 
and Mobile) *% Magnetic crack testing 
Fluorescent crack testing * Ultra-sonic 
testing *% Pressure testing—air and hyd- 
raulic % Low temperature testing *% Film 
processing and radiological reports 


Palmer Aero Products Ltd 
AERO PRODUCTS DIVISION BTR INDUSTRIES LIMITED 
PENFOLD STREET * LONDON N.W.8 TEL: PADDINGTON 8822 6/3121A 





MANCHESTER OIL REFINERY 
(SALES) LTD 
76 Jermyn Street, London, S.W.|! 
Specialists in non-destructive testing by the Electro- 
magnetic and penetrant methods. 
Supramor and Lumor magnetic inks. 
Britemor and Glomor fluorescent penetrants. 


Verimor and Verimor (Solvent Process) dye pene- 
trants. 


Devmor (High Flash Developer). 











PORTABLE 
INSPECTION GEAR 
Lightweight Industrial X-ray Sets 

Isotope Sets for Pipe Welds 
Magnetic Flaw Detectors (850-2000 Amps) 


All Radiographic Accessories 
All X-ray Darkroom Equipment 


INSPECTION EQUIPMENT LTD 
19 BROAD COURT, DRURY LANE 
LONDON WC2 Tel. GLA.1402 & CUN.1795 

















JUNE, 1961 


HANDBOOK ON RADIOGRAPHIC 
APPARATUS AND TECHNIQUES 


The Institute of Welding announces the publication in 
January 1961 of the only edition in English of this work 
which has been compiled by Commission V of the Inter- 
national Institute of Welding. The book thus represents the 
views of leading experts throughout the world on this subject, 
it deals concisely and simply with apparatus and techniques 
for the radiographic inspection of welds and describes the 
precautions necessary to ensure the safety of operators. 
This book will be a full bound publication in blue, size 83” x 
54° and will consist of 88 pages of text supported by illustra- 
tions. Obtainable from the Institute of Welding price 16/-, 
including postage. 














NEW ALL-PURPOSE GENERATOR 
RIGHT FOR ANY 





For site and ship welding—anywhere, everywhere—this new BOC Quasi-Arc range of D.C. welding sets 
(using high speed FB 225 generator) gives outstanding advantages at extremely low cost. 

Being small in size and light in weight it is easily portable yet has excellent welding characteristics (max. 
current 225 amps) Provision is made for an auxiliary supply (40v 10a) for electric tools or emergency 
lighting—plus a power take-off for flexible drive tools. 

> MFB 225 — motor generator set (3 phase, 50 € PFB 200 petrol engine set (J.A.P. 2-cyl air-cooled)— 


cycle, 380/440 volt) max welding current 200 amp. 

*% DFB 225 — Versatile diesel powered set foron- 3 FB 225 —a go-anywhere generator for belt drive 
the-site use (Petter 3-cylinder air cooled engine (15 bhp at 3,000 rpm). Ideal for fitting to vehicle — 
fitted with electric starting). e.g. Land Rover, Austin Gipsy, Tractors. 


Read all about this cost-saving range in our Technical Circular 130. Write for free copy to:— 
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Consistent moisture tent 





The new design of cylinder and the 
particular care taken during filling 
ensures a consistently low moisture 
content carbon dioxide. 


Special CO: cylinder 


To prevent the entry of any 
impurities, the syphon cylinders are 
supplied exclusively to arc welding 
customers, are clearly marked 

and specially handled. 


Nation-wide service 


Through strategically sited factories 
and depots, DCL provides a 

prompt COz service which includes 
cylinders, multi-cylinder racks, bulk 
storage tanks with COs deliveries 

by road tanker. 






Continuous all-position welding is achieved with this 
Rowen-Arc light weight portable hand-gun, using cheap 
low pressure carbon dioxide shielding. For welds of 
constant quality with all their equipment from light 
semi-automatic to heavy automatic, the manufacturers, 
Rowen-Arc (Division of Rubery Owen & Co. Ltd.), 
recommend DCL’s constant composition COe2 in the 
newly designed syphon cylinder. 


behind the latest 
CO>2 arc welding 
techniques... 
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Carbon Dioxide Department, 
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BOC electric arc welding equipment and 
materials were used exclusively for the weld- 
ing of the aluminium superstructure, and 
the steel hull of the Canberra at Harland 
and Wolff's Belfast Yard. 
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The Welded Maidenhead Bridge 


The following paper was presented at a Joint Meeting of the Institute with the 
South London Branch, at 54 Princes Gate, on Wednesday, 8th February, 1961, 
with Mr. H. C. Adams, M.C., M.I.C.E. (Ministry of Transport) in the Chair. 
In introducing Mr. Roberts the Chairman referred to the great experience of 
the author in bridge design and construction and in the field of welding. In the 
early days of welded fabrication he was with Sir Douglas Fox and Partners 
when the design of the Sydney Harbour Bridge was being worked out, and later s 
he was with Dorman Long when the construction proceeded. 
In 1934 he joined Sir William Arrol and Company as chief engineer and later 
became a director. In 1949 he joined a group consisting of Mott, Hay and 
Anderson and Freeman Fox and Partners for the design of, and later to look 
after the construction of, the Severn Bridge, and he then became a partner in the 


By Gilbert Roberts, 
B.SC., M.I.C.E. 





firm of Freeman Fox and Partners. 


completed and due to be opened in May 1961, 

was originally planned more than 25 years ago. 
In 1935 the Ministry of Transport appointed Messrs. 
Freeman, Fox and Partners as the consulting engineers 
for the river crossing, and the design was carried out 
by Mr. (later Sir) Ralph Freeman, senior partner of the 
firm and a Past-President of this Institute. I had 
worked for Sir Ralph on the Sydney Harbour Bridge 
design and although I was not then on his staff he 
asked me to do the calculations for the new bridge as 
a spare-time job. 


T= new road bridge at Maidenhead, now almost 


Original Design 


The design proposed by Sir Ralph was a continuous 
girder bridge with spans of 38 ft, 270 ft, and 38 ft, 
with eight girders at 12 ft 6 in. centres, just as it is 





This paper was presented at a Joint Meeting of the Institute with 
the South London Branch, on Wednesday, 8th February 
1961. 

The author is a partner of Freeman, Fox and Partners. 613 


today. The girders were of box construction, 2 ft 6 in. 
wide and of a depth varying from 7 ft 6 in. at the 
centre to 20 ft over the main bearings (see Fig. 1). 
Six of the girders were designed for riveted construc- 
tion and the outer girders were to be welded, as Sir 
Ralph was anxious to put into practice his knowledge 
of this novel form of construction. Also it was felt that 
welding would improve the external appearance of the 
bridge, and on architectural advice considerable pains 
were taken to give a panelled effect to the outer webs 
by making a vertical break in the plating at 6 ft 
intervals. 

In the deeper parts of the section, where there is a 
horizontal joint in the girders, the outer web plates 
consisted of vertical strips 5 ft 9 in. wide running for 
the full depth without horizontal joints. Whether this 
panelling would, in fact, have been visible at all or 
any improvement on the present design is perhaps an 
open question, but it certainly involved a large in- 
crease in the amount of site welding. Sir Ralph’s 
architectural advisers at that time also much preferred 
a semi-ellipse to the usual flat parabola for the soffit 
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of the bridge, and with much ingenuity in the flange 
details at the bearings this elliptical curve was faith- 
fully incorporated, as it is today in the present design. 

In this original design the deck was formed of pre- 
cast reinforced concrete slabs about 11 ft square and 
12 in. thick, with the reinforcing bars projecting 
from the edges of the slabs and incorporated with 
in situ concrete over the girders. Shear connectors on 
the top flanges of the girders ensured that the concrete 
would act with the steel, partially at least, in taking 
compressive stresses. The top flanges of the two welded 
girders could therefore be formed of a single universal 
plate, but the area required at the bottom flange at the 
centre of the bridge (as well as the requirement of the 
panelled effect) made it impossible to use a single 
rolled section and 7 x 14 in. flats were added to each 
edge of the main plate. Full-size tests were made of 
the welding of this type of joint at the heaviest flange 
section, and there is no doubt that it would have been 
practicable, although somewhat cumbersome. All the 
steelwork was of mild steel since at that time the 
welding of heavy sections of high-tensile steel was not 
considered to be practicable. 

When tenders were invited for the bridge in 1937 
the author had recently joined Sir William Arrol and 
Company of Glasgow, and was responsible for pre- 
paring an erection scheme and making an estimate for 
the site welding. They secured the contract and sub-let 
the foundation and concrete work to L. J. Speight. 
The foundations and concrete abutments were com- 
pleted in 1939, and all the 1600 tons of steel had been 
delivered to the shops and fabrication started when the 
war caused it to be laid aside for more urgent work. 
Most of the steel was, in fact, used for other jobs 
during the war period, and when in 1946 Arrolls 
wanted to re-start fabrication they were dismayed to 
find that no licence was forthcoming for new steel. 
Their contract was terminated and the concrete 
abutments remained as one of the curiosities of the 
Maidenhead district until, in 1959, a new contract for 
the superstructure was let, this time to the Horseley 
Bridge Company. 


New Design 


When, in 1958, the Ministry of Transport instructed 
the consulting engineers to continue the project the 
author had become a partner in Freeman, Fox and 
Partners, and it fell to him to review the design before 
the documents were issued for fresh tenders. 

It was immediately apparent that engineering 
designs are not among those commodities, if any exist, 
that improve by keeping for 20 years in cold storage. 
What was once a novel and up-to-date steelwork 
design now looked decidedly passé. Also the Ministry’s 
standard loading had changed, with the result that the 
original deck slabs were slightly overstressed and 
different road widths were now required. Some modern- 
isation seemed necessary, but the original elevation 
and river clearances had to be retained, as well as the 
elliptical curve on the underside. Since the bearings 
and anchorages for the old arrangement were already 
in place it would have been difficult to vary the outline 
appreciably in any case. However, it was feasible to 
re-design the superstructure to take account of recent 
developments in qualities of materials, working stresses, 
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and techniques of construction. Figure 2 shows the 
elevation of the new design and Fig. 3 the cross 
section. 


The revisions may be summarised as follows: 


(i) Higher strength concrete in a deck slab of reduced thick- 
ness, cast in situ 
(ii) The adoption of single-web girders stiffened in accord- 
ance with the latest principles of web stiffening 
(iii) The use of welding throughout, including site welding of 
all the girder joints, with high-strength bolts, acting in 
tension, for the bracing connections 
(iv) The use of high-tensile steels of weldable quality for the 
girder webs and flanges, instead of mild steel. 
It is the revised design, and especially the advan- 
tages accruing from the whole-hearted adoption of 
welding, that form the subject of this paper. 


Materials 

Reinforced concrete 

The use of concrete with a crushing strength of 
4,500 Ib/sq.in. at 28 days resulted in a reduction of 
thickness from the original 12 in. to 84 in. with a very 
considerable reduction in the dead load. The slab is 
keyed to the main girder flanges by properly designed 
shear connectors; in this case of T-section with hoops 
of 4 in. dia. round welded to them. It may be noted 
that these appear to cost about the same as stud- 
welded shear connectors which might have been more 
handy to apply on the site. There was, however, some 
doubt as to the hardening effect produced by the stud 
welds on the high-tensile steel. 


High-tensile steels 

The quality of high-tensile steel most generally 
available for welded structures is that to BS.968, with 
a maximum carbon content of 0:23%. The rules for 
the satisfactory welding of this steel have been de- 
veloped from the results of tests carried out for a 
committee of the B.W.R.A., and are summarised in 
BS.2642. Curves showing the minimum size of weld 
that may be applied to joints of various dimensions 
and ‘thermal severity number’ (TSN) have been 
developed by the author* for rutile electrodes. From 
these may be determined the minimum fillet size that 
must be applied in a single run to put sufficient heat 
into the joint to avoid cracking. The size of weld 
required is reduced if the material is preheated, and 
somewhat smaller sizes of weld are permissible if low- 
hydrogen electrodes are employed. The general con- 
sideration is that the size of weld to be applied in a 
single run should increase with the plate thickness, and 
in heavy construction it may become impracticable to 
apply a large enough weld for that quality of steel. 
This limitation is naturally most evident in manual 
welding and especially in site welding, since the size 
of deposit that can be made in the overhead position 
is strictly limited. 

The guaranteed yield point of steel to BS.968 drops 
rapidly with increase in thickness. At a thickness 
greater than | in. it is only 19 tons/sq.in. compared 
with 23 tons/sq.in. for thin sections. For thicker 
sections, therefore, it may become economical to 
adopt a higher quality of steel in which the guaranteed 
yield point is maintained up to a thickness of 2 in. or 





* G. Roserts: “Structural uses of Welded High-Tensile Steel”’. 
West of Scotland Iron and Steel Institute, May 1958. 
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2—Longitudinal section, new design 


more, and which is more readily weldable. One steel of 
this quality is Coltuf 32, a low-alloy steel in which the 
tensile properties are obtained by controlled rolling 
and heat treatment, instead of by the addition of alloy- 
ing elements. The tendency to cracking is therefore 
very much reduced and the fibrous nature of the steel 
gives it the useful property of resistance to crack 
propagation, or notch toughness. The yield point is 
21 tons/sq.in. up to 24 in. thickness. 

In the revised design it was decided to use steel to 
BS.968 for the girder webs and flanges, except those 
flange plates in tension that had to be butt welded on 
site, for which Coltuf 32 was used. All stiffeners, 
bracing frames, and secondary members were of 
mild steel. 


Design 
Design of girders 

The working stresses used follow the requirements 
of BS.153 for the different classes of steel with their 
appropriate minimum yield points. The design of the 
web stiffening with horizontal as well as vertical 
stiffeners also follows the requirements of BS.153. At 
the deeper section of the girders several lines of 
horizontal stiffeners are required. The horizontal 
stiffening angles are inclined to follow the line of 
principal compressive stress in the web and terminate 
at a pressed steel channel-type of stiffener over the 
bearings. At its lower end this channel stiffener is 
widened out to the width of the bottom flange. The 
web plates are generally 3 in. thick in the shallower 
part of the girder and } in. elsewhere. Over the bear- 
ings, where the sharp curvature of the flange produces 
high compressive stress in the web, the web thickness 
is made | in. for a depth of 4 ft. 

Where the stiffeners cross they are notched through 
or over each other and not cut into short lengths (see 
Fig. 4). This is an important point, in the author’s 
opinion, as it makes more efficient use of the stiffening 
material, reduces the amount of welding, and tends to 
keep the web plates flat. The ends of the vertical 
stiffeners are butted against the flange plates and are 


connected by a 2} in. long fillet weld on the outer leg. 
Where the bracing frames occur the vertical stiffener is 
stopped about | ft short of the flange. The web stiffen- 
ing is entirely on the inner side so that the outer 
surface of the web is perfectly flush. Where there is a 
horizontal site joint in the girder the vertical stiffeners 
are butted in a } in. division plate 1} in. below the 
web joint. In general, single unequal angles with a 
ratio of about 2:1 in their leg lengths form the most 
efficient stiffeners in welded construction, but where 
the steelwork is to be grit-blasted the outstanding leg 
should not be less than about 5 in. Flats are preferable 
to angles in the smaller sizes, and in this case 4 x 4 in. 
flats were used. 

Near the bearings, the lower flange plates become 
quite sharply curved, considerably more so in fact 
than would normally be the case with a parabolic 
profile. The curvature of the flange produces a bending 
stress across its width which becomes excessive if the 
curvature is severe. In this case it was found necessary 
to stiffen the curved flange plates near the bearings by 
the addition of sloping flat plates, which also serve to 
prevent rainwater collecting at these points. The last 
and most sharply curved part of the ellipse is formed by 
shaping the bearing block itself and by the addition of 
a wedge-shaped making-up piece on the underside 
of the flange plate adjacent to the bearing block. The 
detail is shown in Fig. 5. 

Once the weight of girder and the flange area 
required have been estimated by successive approxi- 
mations, the next stage in the design is to determine 
the break-up of the girder into its various units; this 
determines the positions of the site joints in the 
flanges where changes in section can most conveniently 
be made. In addition there may be other shop joints 
for changes in sectional area, and the flange plates 
may also be tapered in plan if required by ripping a 
pair out of a single wider plate. In a continuous girder 
the bending moment varies rapidly along its length 
from positive to negative, and any attempt to make 
the flange section exactly fit the area required would 
involve an excessive number of joints. In designs of 
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2—Outside elevation, new design 


this kind it is preferable to have too few rather than 
too many changes in flange thickness. This involves 
some sacrifice in total weight but provides more 
accurate and economical shop fabrication with a lower 
cost per ton, so that the total cost is not much affected. 
The length of the centre section is about the maximum 
that can be handled conveniently in most fabrication 
shops. The width of the top flange (which is smaller in 
area than the bottom flange owing to the interaction 
of the concrete deck) is made sufficient for lateral 
stability during handling and erection. Figure 6 
shows the girder make-up finally adopted. 


Bracing 

In the final condition of the bridge, lateral stability 
is provided by the continuous reinforced concrete 
deck, made integral with the girders by the shear 
connectors. Stability of the bottom flange in the 
compression zone is provided by cross frames which, 
from the viewpoint of appearance, are preferable to 
continuous lattice bracing on the underside. Also for 
the sake of appearance it was thought desirable to 
keep the number of cross frames to the minimum and 
to make them as inconspicuous as possible. In addition 
to support of the bottom flange the cross frames serve 
the purpose of equalising the vertical live loads be- 
tween the various girders. Under certain conditions of 
loading a large tension is developed in the bottom 
members of the cross frames, and this must be trans- 
ferred through the girder webs at the end connections. 
For this purpose the most efficient connection, as well 
as the most convenient for erection, is one using high- 
strength grip bolts stressed to a tension of about 30 
tons each. At this tension the friction developed 
between the end plate and the girder web is adequate 
to carry the vertical shear. The horizontal members of 
the cross frames as designed can be accurately made 
to the correct length and bevel so as to fit exactly 
between the girders. Figure 7 shows a typical bolted 
cross-frame connection. The deeper cross frames are 
designed for transport in two pieces, with a simple 
welded joint at the intersection of the diagonal 


members. The cross frames over the bearings were site 
welded directly to the vertical pressed channel stiffener, 
as shown in Fig. 8. Temporary angle cleats were used 
to locate the ends of the cross frames during erection. 


Fabrication and Erection 
Details of welding 

The ends of the flange plates were prepared for the 
site butt welds so that the centreline of the weld 
would be vertical. They are single-U welds with a 
2 in. root radius and 20° included angle. There is a 
} in. root face and no gap, the root being chipped or 
gouged out for the overhead sealing weld (Fig. 9). 
The shop butt welds, where changes in flange section 
occur, were made with a double-V preparation before 
the flange plates were edge-planed (Fig. 10). 

The fillet weld sizes were proportioned in accord- 
ance with the rules for welding steel to BS.968, using 
low-hydrogen electrodes. The web-to-flange fillets had 
leg lengths of 4 and ? in. (laid in a single run) and 
therefore required the tilting of the girders to the 
gravity position. Manual welding was used for these 
fillet welds as nothing would have been gained by 
using an automatic machine. In fact, an automatic 
machine would have been difficult to use on the 
curved bottom flanges. 

All the fillet welding of stiffeners to the web plates 
was intermittent, 4 in. miss 8 in. being generally 
employed. These intermittent welds were staggered or 
‘reeled’ on each side of the stiffener. Intermittent 
welding is not favoured by some engineers, but in the 
author’s opinion it is perfectly satisfactory and in 
fact to be preferred to continuous welding. It enables 
plates to be kept perfectly flat, especially if the stiff- 
eners are notched and not cut short. This point is well 
illustrated by comparison of the Maidenhead web 
plates with those of a German bridge over the Rhine, 
illustrated in Fig. 12. In the latter bridge, which is 
otherwise an excellent example of welded construc- 
tion, the fillet welds are continuous and the horizontal 
flat stiffeners are cut into short lengths. 
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Erection 

Since no interference with traffic on the river was 
permissible the bridge was erected by cantilevering the 
girders from both ends. Views of the steelwork during 
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erection are shown in Figs. 13-16. The erection 
scheme was, in fact, very similar to that proposed by 
the author for the original design, but with the 
important difference that derricks of 10-ton capacity 
were used instead of the 20-ton cranes previously 
required. Lugs were temporarily welded to the ends 
of the flanges and longitudinal bolts were inserted 
through them to take the cantilever bending moment 
until the butt welds were completed. The bearings are 
fixed at one side of the river and rolling at the other. 
It was necessary, therefore, to lock the roller bearing 
in a pre-determined position, which was ? in. forward 
from its final location to allow for the spread of the 
bearings when the concrete deck was added. Before 
the centre closing lengths were erected the gap on each 
line of girders was carefully measured and the indi- 
vidual pieces were finished to the correct lengths before 
despatch from the shop. 

A very important feature of the erection scheme was 
the provision of temporary lateral bracing in the plane 
of the bottom flanges of the cantilevered girders, 
which otherwise would have been unstable without 
the concrete deck. This was effected with structural 
sections bolted to gusset plates, temporarily welded to 
the bottom flanges in such a way that they could be 
removed without damage to the permanent material. 
The contractors are to be congratulated on their 
ingenuity in the use of handy material for this purpose. 
The gusset plates were all accurately located in the 
shop and nothing was left to improvisation on the site. 


Site welding 

The same types of electrode were used for the site 
welding as in the shop; } in. for downhand welding 
and 10 s.w.g. for vertical and overhead welding. The 
flange butt welds were provided with extension pieces 
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5—Detail at main bearing 
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which were subsequently cut off, and the flanges 
chipped and ground by hand. Flame gouging was used 
for cutting out the root, and the sealing weld was 
made with several runs from 10 s.w.g. electrodes, 
approximately 5 in. per electrode. 

On all the tension butt welds tapered edge covers 
were welded over the ends of the weld when the 
extension pieces had been removed. These might well 
be dispensed with if a machine were devised for 
removing the extension piece and grinding the edge of 
the flange perfectly flush. In the author’s opinion hand 
grinding is not sufficiently reliable to avoid any 
possibility of notches or scratches, and the edge covers 
should be added to compensate for small defects of 
this kind. Figure 11 shows a typical edge cover. 

It was hoped to have each flange butt weld com- 
pleted in one ‘heat’, including the sealing run, but this 
was not found practicable, and the sealing weld was 
done on the next day. The two flanges and vertical 
web joints were welded in one heat, however, using a 
pre-determined sequence, so as to avoid excessive 
compressive stresses in the web. Preheating to ‘hand- 
warm’ was carried out before starting to weld. In two 
of the joints in the BS.968 steel (compression joints 
in the structure) a slight degree of cracking occurred 
in the sealing weld. This was attributed to an unduly 
wide U gouged on the underside, and more especially 
to the overhead runs being too light. With a different 
technique of overhead welding no further cracking 
occurred. 
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10—Typical shop butt weld in flange 
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Inspection 

The contract specified that the contractor should 
provide X-ray equipment for radiographs of the 
important welds as directed by the engineer. In fact, 
all the butt welds were radiographed (though not for 
the full length of each weld), and no faults were dis- 
closed in the tension butt welds requiring cutting-out 
and re-welding. Two faults were found in the over- 
head welding of the compression butt welds. A resident 
welding inspector was provided on site and all work 
in the shops was also examined. The steel was in- 
spected at the mills. 


Protective treatment 

All steelwork was specified to be grit-blasted and 
sprayed with metallic zinc to a minimum thickness of 
0-002 in. This was to be given one coat of etch primer 
(of a composition similar to that recommended by 
Dr. Jordan) and three coats of white lead paint. The 
steelwork was sand-blasted at the works and sprayed 
with a wire-type gun using #; in. dia. zinc wire. Some 
difficulty was experienced in obtaining a reasonably 
smooth surface on the zinc, owing to infused particles, 
but this was remedied by proper adjustment of the 
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12—Outer web plate of German bridge 
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13—View of outer girder completely 
erected 





guns. In addition to the etch primer the first coat of 
white lead was applied in the works before despatch of 
the steelwork to the site. The remaining two coats, of 
slightly different shades, are being applied after 
erection, the finishing coat being a light blue-grey. It 
was found desirable to wash the site welds with water 
to remove the caustic deposit produced by the 
electrode fumes. 


Economics 


Weights of alternative designs 
The following comparison of the weights of steel 
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14—View of girders during 
erection 


in various alternative designs is given as a matter of 
interest. In the original design, entirely in mild steel 
and largely of riveted construction, excluding bear- 
ings and footway parapets, there were 1,525 tons. The 
corresponding weight of steelwork in the present 
design is 620 tons. This startling reduction is attri- 
butable partly to the reduction in dead load of 
concrete and the design of the girders for full com- 
posite action with the deck slab. The rest of the 
reduction is due to the use of single-web instead of 
double-web girders, high-tensile instead of mild steel, 
and welding instead of riveting. 

The reductions in weight brought about by each 
factor separately are approximately as follows: 
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15—View during erection, showing 
stiffeners on inner side of 
webs 
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16—View from river during 
erection 


(a) Reduction in dead load and composite design 18% (0-82) 


(b) Single web instead of double web girders 17% (0-83) 
(c) High-tensile steel instead of mild steel 20% (0-80) 
(d) Welding instead of riveting 24% (0-76) 


The original weight of 1,525 tons is therefore reduced 
to: 
1525 x 0-82 

Time and cost 

The contract for the superstructure was awarded to 
Messrs. Horseley Bridge & Thomas Piggott Ltd. in 
May 1959. The erection of steelwork on the site 
commenced on Ist February 1960, and was completed 
on 29th July 1960. The concrete deck was sub-let to 
Messrs. Higgs & Hill, who commenced concreting 
on 5th October, 1960 and completed the work on 
22nd December, 1960. 

The total contract price was £196,000. The actual 
total cost is approximately as follows: 


0°83 x 0-80 x 0-76 = 620 tons 











All steelwork, including erection and painting 


(approx. 680 tons) £125,000 
Reinforced concrete deck, etc. 45,000 
Handrailing and sundry items 10,000 

ToraL £180,000 


At the time of writing the contract is substantially 
completed and only the handrailing and sundry items, 
such as roadwork and new surfacing to the concrete 
abutments, remain to be done. 
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Discussion 


Mr. R. J. Fowler: I propose to confine my remarks to 
certain erection aspects of the welding and to ask my 
colleague, Mr. John Allen, who was responsible for 
engineering both the shop and the site welding, to speak on 
that in detail. 

When my company received the enquiry to tender, our 
first major preoccupation was with erection problems. We 
were, by specification, permitted to utilise some system of 
temporary supports from the bed of the river, but a 
navigable opening 20 ft high by 45 ft wide had to be 
provided, near the tow-path side. We decided that to 
cantilever was the cleanest and most economical method 
of erection, but many deflection calculations were necessary 
to show whether we would, in fact, end up with the extreme 
cantilever noses correctly levelled to ensure the correct 
profile of the bridge when the centre units were in position. 

A further important problem to be solved was how to 
control (for it cannot be prevented) the contraction of the 
site butt welds to prevent a rise or fall in each cantilever 
nose as they were welded, due to unequal contraction of 
top and bottom flange butts, which at most joints were of 
unequal cross-section. 

In addition to carefully planned welding procedures we 
took advantage of the stiffness of the cross-bracing. Each 
set of eight shop fabricated cantilever units was erected 
complete with service bolts and cleats, and the cross 
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frames were service black bolted. Only then was welding 
permitted to commence on any of these eight girders. 
Hence, while any joint was being made, the neighbouring 
girders, via the cross-bracing, helped to maintain the 
position of the girder being welded. 

In considering lateral stability, both during erection and 
until the concrete deck was placed, we decided that im- 
provised guying would be quite unsatisfactory. We provide 
two systems of bracing in the plane of the bottom flange, 
one between girders 2 and 4 and the other between girders 
5 and 7 in plan, and all detailed just as though it could form 
a permanent part of the bridge. The maximum wind load 
at 15 lb/sq.ft pressure was of the order of 60 tons. The 
reaction to these horizontal girders was provided by the 
sides of the openings in the abutment faces against which 
the girders were securely packed, plus the resistance offered 
by the bearings in horizontal shear. 

Each angle bracing in the system was connected to its 
gusset plates with two bolts and sufficient fillet weld to 
transmit the load; the bolts were purely for location, not 
for strength. The angle bracing was fillet welded to the 
gusset, which was already shop welded to the girder. This 
horizontal bracing also squared up the four cantilever 
girders automatically as soon as the bolts were inserted. 

Incidentally, all these temporary bracing angles were 
from our stock of BS.548 high-tensile transmission line 
tower steel. We had no welding troubles with it and all was 
returned safely to stock. 

We gave much thought to the type of service connections 
for locating and supporting the cantilever girder sections 
and also the main crossframes over bearings and the half 
blocks at the intersections of the crossframes. This is a 
complex problem in a welded plate structure where erection 
stresses can be appreciable. 

Mr. Roberts will remember that we suggested the use of 
service bolts in drilled holes in the webs, to which we could 
connect with temporary cover plates, etc., and which holes 
we could fill in either with weld metal or with punchings 
welded in and ground flush. This we were not permitted to 
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do. Eventually, we decided to weld cleats of the required 
shapes and forms to both webs and flanges and to ensure 
that after use they were very carefully removed and ground 
flush. Since there were 64 full-depth butt welds in the girders 
and 16 horizontal web joints over the bearings, each nearly 
40 ft long, it will be appreciated that the accurate position- 
ing of all the necessary cleats, their welding and their 
ultimate removal was an important part of the cost of the 
job. 

Figure A shows the main service cleats for the erection 
of the individual girder units. Shear was taken by the 
cleats, two angle cleats being welded to each girder, with 
bolts between and appropriate packings to bring the 
girders to the correct relative levels. The bending moment 
due to the cantilever arm was taken by the bolts through 
the U-lugs under the top flanges of the girders. 

These lugs with their longitudinal bolts were designed to 
withstand-forces up to 11 tons each, and served the im- 
portant purpose of providing adjustment for level of the 
cantilevers. This system depended very much on the 
accuracy of fabrication of the girder sections, and its 
success was such that we would not hesitate to use it 
again in similar circumstances. 

We considered it desirable to make a practical test of the 
strength of the lugs, so we connected two opposing long 
cantilever sections together in the works. These were then 
supported at the centre, and so that each cantilevered 53 ft 
and loaded the bolts 1°35 times more than the maximum 
erection load. This load, and a little shaking of the girders, 
satisfied us that the bolts would be adequate for all con- 
ditions that they were likely to meet on site. 

The U-lugs were generally 8 in. long and welded with 
16 in. of 3 in. high-tensile fillet weld. They were located on 
the underside of the flanges to avoid obstruction to the 
welders in filling the grooves of the butt welds. The bolts 
were removed before welding the overhead sealing runs, 
and were |} in. dia. R quality (45-55T) material screwed 
both ends. 7 

Both shop and site radiography were carried out on the 
butt welds in webs and flanges in plate thicknesses from 
2 in. to 2 in., using portable X-ray equipment for the thin 
and medium thicknesses. A caesium 137, 5-curie gamma 
bomb was used for the 2 in. thick butt welds, and exposures 
were made outside working hours, either in the early 
morning or late evening. 

Bearing in mind the total number of site butt welds— 
128 flange joints and some 1200 ft of web welds—the small 
number of faults reported by Mr. Roberts denotes, I think, 
a high standard of welding of which all concerned can be 
very proud. 

Steel bridge and other fabricators generally are supposed 
to be skilled and expert in the application of protective 
treatments, whatever type they may be. We deemed it 
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desirable to consult the Corrosion Advisory Service of 
BISRA for guidance in our methods of application, etc., 
and we also made a series of control specimens in parallel 
with the application on the job. These are exposed on the 
roof of our drawing office at Tipton in the corrosive Black 
Country atmosphere and should give an early warning of | 
any breakdown. So far the specimens show no detectable 
trouble. 

The specimens have all been shot blasted, metal sprayed, 
etch primed and painted, and then two further coats of 
paint have been applied as on site in sequence with the 
actual job. 

We ordered about 750 tons of steel to make the bridge 
and sent to the site about 725 tons, which included some of 
the cross-bracings. I do not think that in his figure of 
620 tons Mr. Roberts included the expansion units at the 
end of the bridge. He has not mentioned these units in the 
paper, but I consider that they were the most difficult parts 
of the bridge to make. The weight calculated by the con- 
sulting engineers was some 680 tons. 

The contract was placed in May 1959. Steel deliveries to 
the site commenced at the end of January 1960; completion 
of erection and welding of steelwork, end of August 1960; 
access for concrete and roadwork subcontractor, beginning 
of August 1960. The original contract date for completion 
was 18th December, 1960, and the erection of the steelwork 
went almost exactly to plan and programme. 


Mr. J. S. Allen: Figure B indicates the sub-division of 
the girders as fabricated. 

With normal welded girder work with parallel flanges it 
is good practice to fabricate the girder sections long and 
then to cut and mill them to exact length. Owing to the 
shape of the bridge girders—they had a rapidly changing 
depth—it was not possible for that practice to be adopted 
on this contract, and another system had to be devised for 
all but the centrepieces No. 6, which had quite a small 
change in depth. These were kept in the works until final 
closing dimensions could be obtained from site, and were 
then milled to length. 

The system adopted was to calculate the expected 
amount of shrinkage due to shop welding and site welding, 
and each section was fabricated long by that amount 
exactly. During the shop welding the expected contractions 
took place and it was thus possible to obtain the extreme 
accuracy required in the girder sections to permit the suc- 
cessful erection of the members by that cantilever method 
adopted. 

The shop fabrication and welding procedures for the 
girder sections were carefully planned before work com- 
menced, and procedure drawings were made controlling 
the fabrication and welding of each section. 
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C—Layout of first girder web 








D—Vertical assembly of Section 
2 girder 


E—Position for flange—web welding 














For the first girder, each section of web plate was cut 
and prepared with its end preparation to the drawing 
dimension plus the shrinkage allowance. The web was laid 
out as in Fig. C, and the curved top and bottom edges were 
marked and cut. These web plates were used as master 
templates for the marking of the remainder of the plates 
on the other girders. 

The girder sections were then fabricated and welded to 
the specified procedure. The stiffener welds were completed 
first, followed by the welding of the web to the flanges. The 
welds to the bottom flange were made before those to the 
top flange to assist in maintaining the camber in the 
girders. 

To obviate the necessity for preheating, the main web- 
to-flange welds were made in the inclined position so that 
the correct size of weld could be laid in one run, this in 
some cases being up to ? in. leg length. 

Sections No. 2, which were over the bearings, were the 
most complex to fabricate and weld. Firstly, the shop 
joints were made in the web plates, and the curved edges 
cut. Assembly took place in the vertical position and a 
special frame was used to ensure that the flanges were in 
close contact with the web. This is shown in Fig. D. 
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F—Shop assembly of girders for 
checking 


Figure E shows a Section 2 being welded. As the main 
web/flange welds were made in one run, theoretically there 
was no need to preheat, but as these sections had the 
heaviest flanges on the contract some pre-warming by the 
use of coke braziers was used. 

Figure F shows the shop assembly and checking of the 
girder sections. The first two girders to be fabricated were 
laid down on the shop floor complete, with the exception 
of the central closing sections. At this stage all the hori- 
zontal joints and the straight-through site joints were 
carefully checked. 

The system used on the remaining six girders is shown 
in Fig. G. Sections 1, 2, 3, and 4 for the east and west sides, 
were laid down and checked. Pieces 1, 2, and 3 on each side 
were then despatched to site, pieces 4 being kept in the 
shops. When Sections 5 had been fabricated they were laid 
down and checked with Sections 4. Finally, Sections 6 were 
checked from site dimensions and cut to exact length. Thus 
each section of every girder was carefully checked before 
despatch to site, and satisfactory erection of the girders 
was ensured. 

Mr. Roberts has noted that it was not found possible to 
complete the whole of the welding of the site joints in one 
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operation. This was never intended, for it was appreciated 
that the back chipping of the butt welds would take time. 

The site welding was very carefully thought out and 
controlled. At any vertical joint welding commenced on the 
flanges and the welding grooves were partially filled, 
employing one welder on the top flange and two on the 
bottom. After a given number of runs had been made the 
welders stopped work on the flanges and two of them 
transferred to the webs, where the face welds were com- 
pleted. The three welders then returned to the flanges and 
completed the flange welding. To this stage the welding 
was carried out in one continuous operation, the seal 
welding of the joints being carried out later as a second 
continuous operation. Figure H shows a typical section 
through one of the flange welds. 

The butt welds were initially back chipped, but the 
procedure was rather slow. We therefore resorted to flame 
gouging, but each gouge was finished with a disc grinding 
wheel mounted on a high-frequency machine. Should there 
be any small faults still remaining in the root we believe 
by this system that it is possible to see them. 

In regard to back chipping, Mr. Roberts had suggested 
that it might be possible to use a carbon backing bar for 
the welds and to use an electrode that would give sufficient 
penetration to go right through the root and form a bead 
on to the carbon backing bar. Figure J is a section through 
a test in BS.968 material welded on to a carbon backing bar 
with the suggested electrodes. It will be noted that there is 
carbon pick-up, with associated micro-cracks. In this area 
there is also excessive hardening (549 D.P.N.). It seems, 
therefore, that the flame-gouging procedure, whilst a little 
more laborious, is perhaps more satisfactory. 

Mr. Roberts has referred to the use of edge covers. We 
carried out tests to determine their effectiveness because we 
felt that possibly they might have some detrimental effect 
on the strength of the joints. A series of specimens in 
BS.968 steel were made with different edge finishes, in- 
cluding the worst kind of ground finish with the grinding 
lines going across the edges of the plate; a smoothly ground 
surface made with a high-speed disc girder; a rough 
machined finish; and a specimen smoothly ground with 
edge covers welded on. All the specimens failed in a ductile 
manner with the exception of one specimen which had edge 
covers welded to it. A further four specimens were there- 





H—Typical section through flange weld 





J—Section through test weld made on carbon backing bar 


fore prepared to which edge covers were welded and, of 
these, only one failed in a ductile manner. The others 
failed in a brittle manner across the extreme ends of the 
edge covers as shown in Fig. K. 

It is appreciated that the specimens are relatively small 
compared with the large flanges on the bridge, but perhaps 
there is some indication of possible danger here. 


Mr. O. Bondy: Certain refinements in design seem to 
distinguish this latest welded bridge from quite a few 
others, and I have no doubt that these refinements must 
have contributed to the high cost per ton. I only hope that 
the total cost proved to be absolutely economical. After 
all, cost per ton of steelwork is only one index, and it is not 
necessarily the one that would decide the economy of the 
completed bridge. 

Three different types of steel were used in this bridge. 
Would not this have been a major source of extra cost? 

The cross-bracing between the individual main girders 
was arranged also with a view to improving appearance. 





K—Brittle failure of specimen with edge covers 
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Would not this have been a typical case for using tubular 
members? According to a very rough estimate that I have 
made, the horizontal chords alone needed more than 
5000 ft of shop welding, which could have been dispensed 
with by the use of tubular sections. 


Mr. G. M. Boyd: I am very intrigued by the impunity 
with which these bridge people can ignore the phenomenon 
of brittle fracture. There are one or two passing references 
to it in the paper, but I see that even the Coltuf 32 steel was 
chosen not for its toughness, which is regarded as in- 
cidental, but for its guaranteed yield point. 

One or two references have been made to this phe- 
nomenon in the course of the discussion, particularly by 
Mr. Allen, and I should like to ask him whether his test 
pieces were made in summer or winter. The time of day 
and the temperature at which they were made could affect 
the results. “ 


Mr. Allen: They were made in summer. 


* Mr. Boyd: In shipbuilding, we have found to our cost 
that we cannot afford to ignore brittle fracture, and more 
and more branches of engineering are also finding this to 
be the case. Bridge constructors have not yet apparently 
experienced enough of this trouble to warrant its being 
considered very seriously in the design of a bridge of this 
kind. I should like to know to what they attribute their 
‘longevity’ as it were. 

I have gathered quite a number of cases of brittle 
fracture failures in bridges, not only the Hasslet Bridge in 
Belgium but the German Tiergarten Bridge and the 
Canadian Duplessis Bridge, to mention only a few. I 
wonder whether these affected the considerations and the 
choice of material, and, particularly, whether any tests 
were carried out on the steel to study this point. 

Although I like the clean lines and design of the bridge 
there are one or two things that I would have queried. For 
example, there is the notch on the stiffeners. Notches are 
just anathema to me. 

A more serious point is the way in which a large number 
of small shear cleats were welded to the top flange. On the 
basis of the experience that one has gained in other 
spheres, that would seem to be rather a bold undertaking. 
Was any special care taken over the welding of these 
cleats, for so far as the stresses are concerned this is just as 
important as the welding of larger items. 

In regard to flame gouging, I should have thought that 
it would be difficult to get a controlled treatment in the 
overhead position at arm's length, but in the downhand or 
horizontal position with proper modern techniques and 
usual skill it should be satisfactory, particularly if the 
gouge is ground off afterwards. 


Mr. O. A. Kerensky: As a co-designer of the bridge with 
the author, perhaps I might make a few comments to 
illustrate some of the points of design. 

The bridge has a flat reinforced concrete deck, so that in 
future provision of six instead of four traffic lanes would be 
possible. Because the superstructure consists of multiple 
girders such additional loading can be carried with maxi- 
mum efficiency involving practically no extra weight. The 
H.B. loading placed anywhere on the bridge was distri- 
buted to all the girders, and the deck and cross bracing 
designed accordingly. 

The saving in weight has been mentioned. I would 
stress the economy from combined action design. In par- 
ticular we provided shear connectors in the tension zones, 
thus utilising the whole of the steel reinforcement of the 
concrete slab in the flange area of the main girders for live 
load stresses. 
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To avoid excessive cracking, the sequence of casting of 
the concrete deck was specified, the concrete over the 
supports being cast last to eliminate tensile stresses due to 
dead load. The subsequent effects of live load are relatively 
small. To prevent any possible seepage of water through 
the deck slab, it was waterproofed with two layers of 
mastic asphalt, before surfacing with 14 in. of hot rolled 
asphalt. 

I would query Mr. Bondy’s statement that the bridge is 
expensive. The figure of £180 per ton metallised and 
painted compares very favourably with today’s prices. It 
should also be remembered that the weight of the bridge 
has been reduced from 1600 tons pre-war, to 600 tons. I 
believe it to be one of the cheapest bridges of comparable 
size in the country. 

Mr. Roberts said that he likes Coltuf because of its high 
strength. I like it, too, especially as it also happens to be 
notch ductile. One may say that it was chosen for these 
two reasons. 

Finally, I should like the author to give comparisons 
between the costs of Coltuf and notch ductile mild steel, 
because I cannot understand anyone using notch ductile 
mild steel at all, and believe that suitable high-tensile steel 
should always be more economical. 


Mr. Beyner: What is the maximum tension in the 
bottom flange that the bridge is likely to receive? 


Mr. Capper: I should like to know the composition or 
tensile strength of the various steels that have been men- 
tioned. We know Coltuf, but I am not familiar with the 
British Standard specifications for some of the others. 


Mr. Freeman: The radiographing of welds has been 
referred to. Could Mr. Roberts make some comment on 
the interpretation of the films as a result of which welds 
were considered acceptable or rejected? 


Author’s Reply 


Mr. Gilbert Roberts: First of all, 1 should like to con- 
gratulate Mr. Fowler upon the very painstaking way in 
which he has studied all the problems with which he was 
confronted when his firm took on the contract. They were 
problems of erection, procedure, fabrication and so on, 
and the all-important item of the design of the temporary 
work—that is, the temporary bracing and supports—a 
feature of these bridge schemes which can be treated lightly 
only at the great peril of the contractor, the consulting 
engineer, and everybody else. 

To undertake a welded bridge for a major crossing like 
this over the Thames in the limelight of publicity, with site 
welding and high-tensile steel and an advanced type of 
design obviously raises many problems, but with a resolute 
attack on these problems, such as was provided by the 
band of enthusiasts who designed and built this bridge, it is 
bound to end in success. 

I think you have been very fortunate to hear Mr. Allen’s 
lucid description of his procedure of fabrication in the 
shop, because that is one of the features of bridge work— 
in fact, of all structural work—which, in my opinion, is 
sadly neglected. In most institutions you will find many 
engineers who will proudly describe the moving of derrick 
cranes and the weights of lifts and so on, but they com- 
pletely neglect the fact that if the steelwork had not been 
properly made for the job they could not have erected it at 
all. It is only right that the problems of shop fabrication 
should be given their credit in these papers. 

Mr. Bondy mentioned the expensive special steels. The 
utility quality high-tensile steel to BS.968, which is the 
welding type, is not very much more expensive than mild 
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steel—about 10-15%, in cost—and that was the steel that 
we mainly used. As I have explained, the difficulty in 
welding it became apparent only at thicknesses over ? in. or 
perhaps | in., and it became almost insuperable at thick- 
nesses of 2}-3 in. We used the more expensive Ducol steel 
only for those parts of the structure where it was necessary, 
and, therefore, reduced to the minimum the additional cost 
in material on account of quality. 

The cross-frames are virtually made of tubes, the tubes 
being made with two channels welded toe to toe. If square 
tubes of the requisite thickness had been available at that 
time, we should have used them. 

Mr. Boyd seems to object to my doing the right thing 
for the wrong reason. He is in favour of my using Coltuf 
steel, but I ought to use it because I am afraid of brittle 
fracture and for no other reason. I can appreciate that he 
wakes up in the middle of the night and thinks of the thing 
going off with a ‘ping’ and with a nasty crystalline look 
when it has broken. I must admit that we structural 
engineers have not had the wide experience of brittle 
fracture that they have in shipbuilding, but we think about 
it nevertheless. If he reflects that all the tension butt welds 
in the bridge are in notch-ductile steel, I think he will feel 
less apprehensive, even though we do not use notch- 
ductile steel for the reason that he would like. 

There is also the question of edge covers, at which Mr. 
Allen was having a tilt. I must admit that his tests showed 
that no improvement was gained by their use. On the other 
hand, there is no serious diminution in strength, whereas by 
leaving the ends of butt welds as-welded or roughly fin- 
ished you can, I- know, get the start of a crack. We must 
remember that in many of these cases we are dealing not 
with notch-ductile steel but with the ordinary run-of-the- 
mill steel that we are accustomed to use and which is quite 
satisfactory if properly used. It is a matter of being sure 
that the edges of these welds are adequately finished. I 


mentioned in the paper that if some machine could be 
devised to end them consistently I for one would be quite 
prepared to leave the edge covers off. 

It is just conceivable that our attention to little details 
like edge covers, which may not seem of the same import- 
ance in shipbuilding, is the reason why we have not had 
the same experience of brittle fracture in structures as has 
been found in ships. 

Mr. Boyd mentioned that the welded shear connectors 
on the tension flange were undesirable. The welding pro- 
cedure for the welding of these T-sections was laid down 
and rigidly adhered to. They are at the centre of a wide 
flange, not on the edge, and the steel is Coltuf. In my 
opinion, no risk is involved. 

The tension design stress in Coltuf is 12} tons/sq.in., 
compared with 9 tons/sq.in. for mild steel. The composition 
of our mild steel of standard quality (28-33 tons/sq.in. 
tensile strength) is about 0-2% C and 0-5% Mn and the 
BS.968 material is 0-23°% max. and 1-2-1-6% Mn. The 
Coltuf steel has about 0-18% C and I suppose 1-2-1°4% 
Mn;; but its special quality derives from controlled rolling 
and heat-treatment. Its toughness is the result of physical 
treatment rather than chemical constituents. 

Mr. Freeman made rather a good rapier thrust, as it 
were, in asking how we interpreted the radiographs. It is 
always difficult to decide just how bad a radiograph has got 
to be before you have to condemn the weld. We adopted 
the principle that there should be no cracks of any sort 
and no more slag inclusions, blow-holes, and so on than 
would be represented by the stars on a bright night in 
spring. I think that that is as good an explanation as I can 
give. 


Mr. R. G. Braithwaite proposed a vote of thanks to the 
author, and referred to the great experience of Mr. Roberts 
—both in design and in welded fabrication. 








View from the river of the completed welded Maidenhead Bridge 
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UTRECHT MEETING, 1961 


Some Remarks 





on the Weldability of Aluminium 


Although aluminium is very successfully welded there are still several 


By G. Westendorp 


unsolved problems, particularly when results are compared with those 
obtained with other metals. 
One of these problems is the reduction in strength caused by the 


welding heat. A second is the porosity which is found in many aluminium 
welds. These problems are discussed in the paper. 


ELDING of aluminium has made considerable 
W prosres. In many fields, e.g., shipbuilding, 
the chemical industry, railroad stock and 

other transportation equipment and even nuclear 
plants, the welding of aluminium is a common prac- 
tice and is sometimes a highly developed art. 

However, if the results are compared with the 
properties of welds in other metals, the aluminium 
weld does not yet have an equivalent quality. Some of 
the problems met with in aluminium welding are con- 
sidered as inherent to the properties of the material 
and are therefore unavoidable. The corollary of such a 
statement can only be that the field of application of 
welded aluminium will be limited. It is therefore 
necessary to proceed with our development work until 
the weld in aluminium is as reliable as the material 
itself. 

in this paper, two problems are chosen as examples. 
Firstly, the weakening of the welded joint by the heat 
of welding is discussed. An attempt is made to show 
that the common belief that the strength of the weld 
is no greater than that of the annealed material is not 
necessarily valid if an improved welding procedure is 
used. 

Secondly, the start of an investigation into the 
causes of porosity in aluminium welds is reported. 


Strength of the Welded Joint 


The decrease of strength in the heat-affected zone is 
caused by a number of changes in the crystal structure 
of the alloy. These changes are different for each type 
of alloy. 


Pure aluminium 

In the case of very pure aluminium the structure 
contains only aluminium crystals, normally cold- 
deformed in the last manufacturing stages of the 
material. 

Starting from a point where the properties are not 
changed by the welding heat, and going in the direction 


of the weld, one meets the following changes in 
structure and properties: 


(a) Recovery 

In the first zone, the microstructure is not changed 
visibly, but the strength is decreased by the phe- 
nomenon known as ‘recovery’. The strength will have 
a value between that of the cold-deformed material 
and that of the annealed material. 


(6) Recrystallisation 

In the second zone, the metal will be recrystallised 
to a grain size which is dependent on the amount of 
deformation in the plate material and on the heating 
cycle. The strength in this zone is decreased to the 
strength of annealed aluminium. 


(c) Crystal growth 

The crystal size is increased by the higher tempera- 
ture and the longer time at the temperature during 
welding. 


(d) Fused material 
In the case of pure aluminium, the fusion zone will 
follow directly upon the zone of crystal growth. 


Commercially pure aluminium 

For commercially pure aluminium, e.g., 99°5°% Al, 
the same structures are found with some complica- 
tions, because the structure of the material contains 
several other phases as a result of the presence of small 
amounts of Fe and Si. Without too great a simplifica- 
tion we can use a two-phase model for this structure, 
in which the second phase has an increased solubility 
at higher temperatures and forms a eutectic with the 
Al crystals. ; 

On the basis of this simplification, the influence of 
the second phase will be negligible in the zone where 
recovery is the only change; in the second zone, where 
the Al is recrystallised, the second phase will partly 
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1—Structure of transition zone in 99-5 °% pure aluminium showing 
weld metal, partial melting in the transition zone with second 
phase along the grain boundaries, and two holes in the plate 
material x 80 


dissolve in the aluminium crystals without reaching 
equilibrium. 

As the cooling rate after welding is high, it is to be 
expected that the strength of this zone will be a little 
higher than that of the annealed material because 
there is slight ageing after welding. 

The third zone, where the structure shows crystal 
growth, has to be divided into two parts. In the first 
part, a little more of the second phase is dissolved in 
the aluminium crystals. The second part of this zone 
will be heated above the eutectic temperature, with the 
result that a small amount of melt is found in the 
neighbourhood of the second phase. 

In the macrograph of this zone, shown in Fig. |, a 
small amount of melt is to be seen along the crystal 
boundaries. The amount of melt increases in the 
direction of the fusion line. 


Heat-treatable alloys 


There are two possible ways of welding heat- 
treatable alloys. If it is possible to apply an ageing 
treatment after welding, the best choice is to weld in 
the quenched condition (T4). If the workpiece is such 
that this post-heat-treatment is impossible, the welding 
must be done after the complete heat treatment (T6). 


(a) Welding in the quenched condition 

Welding in the quenched condition (T4) of the 
alloy 6061 has been investigated by Burch.! 

Starting again from the unaffected material, one 
finds a first zone in which the alloy is aged by the 
welding heat. In the adjacent zone, where the tempera- 
ture has been higher, the alloy has been overaged to a 
certain extent, resulting in a lower hardness. At still 
higher temperatures there will be a zone in which the 
solubility of Mg,Si is increased. After a rapid cooling 
the material in this zone will contain Mg.Si as a 
second phase plus a super-saturated aluminium crystal. 
This zone will respond to an ageing treatment. 

In the next zone the second phase will be completely 
in solution, the structure after welding being the T4 
condition. If the workpiece is aged after welding, an 
increase of hardness will be found in all the zones. In 
the zone where. after welding, the quenched structure 
was present, the hardness will be equivalent to the 
completely aged material T6. In the zone where over- 
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ageing was present, an increase in hardness will be 
found because the Al crystals are still super-saturated, 
but the hardness of the T6 condition will not be 
reached. 

In theory a zone with an annealed structure should 
exist between the T4 structure and the over-aged 
material. Here, all of the second phase should be 
present as Mg,Si crystals, and the Al crystals should 
be in equilibrium, with the result that the ageing effect 
would be zero. This zone is not found in the experi- 
ments of Burch (see Figs. 2 and 3). Obviously, the 
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2—Hardness in various parts of the transition zone.1 Weld made 
in 6061 T4, welding speed 25 in./min, aged after welding. 
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3—Hardness survey of 6061 weld before and after ageing, and 
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time at the annealing temperature has been too short 
to cause complete annealing. 

Burch’s experiments show that if the right filler 
material is chosen and combined with a certain 
dilution of the weld by molten plate material, the weld 
will respond to heat-treatment in about the same 
manner as the plate material. Figures 2 and 3 show that 
after ageing the weld material has the same hardness 
as the unaffected plate. 


(b) Welding after complete heat-treatment 

After welding a plate in the aged condition T6, the 
zone nearest to the weld will be in the quenched 
condition T4. 

The next zone will be over-aged to an extent de- 
pendent on the time-temperature programme. 

The work of Smith, Funk, and Udin? shows the 
dependency of the amount of over-ageing on time and 
temperature according to the formula 


F Q 
P | exp RT: dr 
where p=an ageing parameter 
Q=energy in cal per mole 
R= gas constant 
T=temperature (for the heating cycle during the weld- 
ing process the temperature is a known function of 
time) 
time 


~ 


After welding it would be possible to give the work- 
piece a careful ageing treatment. This treatment should 
be such that the already aged plate material will not 
be over-aged. The result will be a welded joint in 
which the only weaker zone is the over-aged part of 
the joint. ; 

Apart from these two zones on both sides of the 
weld, the material will be in the T6 condition. 


1. Vacuum pump 4. Cooling water 
2. Argon inlet 5. Welding current 
3. Mirror 6. Carriage 


To sum up, it can be stated that (apart from the 
technically unimportant annealed alloy) every weld in 
aluminium will contain a zone in which the strength 
after welding and ageing is decreased. 

For different alloys the weak zone is caused by 
essentially different metallurgical processes, but the 
common cause of all changes is the thermal cycle 
during welding. 

A further study of the influence of the welding heat 
on metallurgical changes will be important. The effect 
of heating for a very short time at a given temperature 
cannot be compared with the effects obtained in the 
normal heat-treating practice of aluminium alloys, 
since the time factor has a different order of magnitude. 

Ageing time in heat-treating practice is, for instance, 
8 hr at 170°C., whereas the time at the same tempera- 
ture during welding is measured in seconds. It is 
therefore to be expected that phenomena such as 
ageing and over-ageing occur at temperatures which 
are higher than those expected from heat-treating 
practice. 


Temperature limits 
(a) Width of heat-affected zone 

For the alloys used in welded structures, the 
temperatures at which structural changes occur are 
known. These temperatures are determined by labor- 
atory tests where the material has been submitted to a 
certain temperature programme. As a rule, the heating 
and cooling rate and the time during which the 
material is at a certain temperature in these labor- 
atory tests are very different from the values for a 
welding cycle. Consequently, the temperature limits 
usually mentioned for metallurgical changes cannot 
be applied to the welding process. Even at higher tem- 
perature it will be very unlikely that an equilibrium 





4—Apparatus for welding in argon atmosphere 
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can be obtained, especially if certain components have 
to diffuse to a relatively long distance. 


(b) Relationship to welding conditions 

The width of a zone heated above a certain peak 
temperature can be calculated according to the 
formula of Rykalin*: 


(i) For thin plate 
ia qiv 1 


ol (Fea) 


(ii) For thick plate 


qiv 1 
b=2 ° 
J .e.Cy ToT.) 


in which g=effective heat input in cal/sec 
v=welding speed in cm/sec 
Tm= peak temperature in °C. 
T,=temperature of plate at beginning of welding in 
a 











b=width of the zone heated above 7,, 
C=specific heat of material in cal/g 
y=specific weight of material in g/cm* 
5=thickness of the plate in cm. 


For specific material, a certain starting temperature 
(e.g., room temperature) and specific peak temperature 
(e.g., the temperature at which recrystallisation is 
obtained during the welding cycle), the formula can 
be simplified to: 


“ 4 
(i) 6 = constant . +8 


(ii) 6b = constant /2 


The width of the heat-affected zone is therefore 
determined by the quotient, g/v, i.e., the amount of 
heat input per unit length of a weld. 

To obtain a small heat-affected zone, the welding 
speed should be increased to its maximum obtainable 
limit at a certain energy level. 

In certain cases it can be helpful to clamp the plates 
to be welded in a special jig, in which case the jig can 
add to the speed of cooling. 


(c) Influence of width of weakened zone on strength of 
welded joint 

Without any calculations it will be clear that if the 

welded zone is broad enough the joint will have the 
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5—Drum for making welding tests in pure argon 


. Welding torch 
Test plate 
Mirrors 

. Inlet of watercooling and welding current 

Beam moving in horizontal direction for support of welding torch 


Vrwne 














314 


strength of the weakest material. Broad in this con- 
nection means several times the plate thickness. 

It is also clear that if the width of this zone is 
decreased to zero, the influence of the weak material 
will disappear. 

Between these two extremes is an area where the 
geometrical form of the weakened zone decreases the 
possibility of yielding to a certain extent. 

As a first approximation it can be stated that yield- 
ing cannot occur in the normal way if the width of the 
weakened zone is less than the plate thickness, since 
shear in a plane at an angle of 45° cannot occur 
without hindrance. 

If the weaker zone is situated next to a weld with 
reinforcement, the tension will not be linear as a result 
of stress concentration. This will also cause an increase 
in the yield strength. 

The general opinion that welded joints will always 
have the strength of the annealed material gives a safe 
guarantee, but in many cases it will be too pessimistic. 
“Many recent publications, e.g., Burch’, prove that if 
the welding is done on a sound metallurgical basis 
much better results can be obtained. 


Porosity in Aluminium Welds 


Sources of hydrogen 

There is almost general agreement that porosity in 
aluminium alloys is caused by hydrogen alone. The 
partial pressures of other gases above the Al melt are 
so small that they can safely be disregarded. 

Carbon monoxide can be formed only in very small 
amounts because it is impossible to reduce aluminium 
oxide with carbon at the temperatures occurring 
during welding. 

The nitrogen pressure will be small, because the 
nitride is stable. Hydrogen can dissolve into the weld 
metal from many sources. Firstly, the atmosphere 
surrounding the arc contains hydrogen or hydrogen 
compounds which are readily dissociated into atomic 
hydrogen. Hydrogen compounds (mainly water) can 
originate from the argon cylinder and more probably 
from moisture present in the different parts of the 
tubes and apparatus which conduct the gas from the 
cylinder to the orifice of the torch. Most aluminium 
welders realise the extreme importance of keeping 
these parts as dry as possible. 

At the orifice of the torch the stream of argon comes 
into contact with the air. Owing to the rapid expansion 
of the gas in the arc and the nearly right angle between 
the gas stream and the work piece, the gas current will 
be strongly turbulent, with the result that a certain 
amount of air can be mixed with the argon. Con- 
sequently, water vapour can come into contact with 
the molten meta! in this way. 

A further amount of hydrogen is present in con- 
taminants on the plate material and the filler wire if 
this is not cleaned sufficiently. 

Even if the cleaning is correctly done, there is 
always the oxide layer on the metal, which contains 
water in the absorbed form and chemically combined 
water, e.g., in Béhmit. Many aluminium alloys con- 
tain reactive alloying elements such as magnesium, or 
impurities such as sodium. These components will be 
present in the oxide layer in the form of hydroxide, 
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Table I 


Hydrogen in aluminium 








Solubility, Diffusion coefficient, 

T,°C. ml per 100 g metal cm?*/sec 

0 <0-001 1-9 10-7? 
100 <0-001 2-9 10-5 
200 <0-001 4:0 10! 
300 0-0015 2-0 10° 
400 0-005 1-6 10-* 
500 0-013 4-1 10-5 
600 0-025 4-9 10-4 
660 solid 0-035 1-7 10-8 
660 liquid 0-75 — 
700 0-9 — 
800 1-7 — 
900 2-8 = 





where they contribute to the potential hydrogen 
content of the surface layer. 

The last source of hydrogen is the gas dissolved in 
the atomic state in the metal. 

During welding, the oxide layer will be broken and 
part of it will form a suspension in the liquid Al. All 
hydrogen components present will react with liquid 
aluminium during this process, with the result that 
hydrogen is dissolved in the melt. 


Solubility and diffusion coefficient of hydrogen in aluminium 


In Table I the values of solubility of hydrogen in 
solid and liquid aluminium and the coefficient of 





6—General view of apparatus for welding tests in pure dry argon 











LETTER TO THE EDITOR 


diffusion of hydrogen in solid aluminium at different 
temperatures are given. If these values are compared 
with those for hydrogen in steel, where the influence is 
much more familiar to welding experts, it is found 
that solubility of hydrogen in aluminium is much 
smaller than it is in iron and that the diffusion, 
especially at lower temperatures, is extremely difficult. 
Only at temperatures above 500°C. can hydrogen in 
Al diffuse as easily as hydrogen in steel. 


Experimental work on porosity 

The further investigation of the different factors 
which contribute to the final hydrogen content of the 
weld and therefore to porosity seems important 
enough. At the moment it is still very difficult to 
obtain reliable results where so many factors are 
involved, and the methods for the quantitative meas- 
urements are very scarce. 

To start at all, it is necessary to exclude many of the 
contributing sources of hydrogen, thereby simplifying 
the problem to the influence of hydrogen in the metal 
and hydrogen in the oxide layer. For these purposes a 
welding torch is placed in a closed drum filled with 
carefully dried hydrogen. The torch can be moved over 
the test plates by mechanical means, thereby making a 
weld under controlled conditions. The apparatus made 
for this purpose is shown in Figs. 4-6. 
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Conclusions 


As the programme of welding tests is far from 
complete, only a few preliminary results can be given 
at the time of writing this report. 


(a) If the argon is as dry as possible, the weld will 
show no porosity visible in a radiograph even if 
the material is fused several times 

(6) Even a small amount of moisture in the argon will 
cause severe porosity in the weld 

(c) In the heat-affected zone, porosity in the form of 
small holes of about 0-1 mm dia. is found in the 
metal which is not melted during welding 

(d) These holes can also be found if the metal is 
heated to a temperature not far below the melting 
point according to a time-temperature programme 
such as that used during welding. 
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Quality Control 


The modern approach to the control of welding stand- 
ards, as carried out by the leading inspection companies of 
this country, such as ourselves, is of course for all welders 
to be tested, in each of the positions required, before he is 
allowed to take up his duties. 

This action sets the standard before any welding takes 
place, radiography and/or ultrasonics being ancillary tasks, 
the main function of a welding inspector/radiographer 
being to supervise the joint set up, line up, tacking; and, if 
required, the application of the root run, or stringer, in 
stovepipe welding. His duty, in the interests of the job, is 
to check all welding as it is done, from start to finish, using 
radiography and/or ultrasonics merely as methods of 
checking that the required standard is maintained, and to 
ensure that a lasting record is kept, in the form of radio- 
graphs. 

The welding inspector therefore must be a capable, if 
not a first-class welder, fully conversant with all the 
important aspects of welding, both in theory and in 
practice, so that the best possible standard is achieved. 

This important fact is still not appreciated by some 
firms, who still employ either unskilled local labour from 
labour exchanges, or very much junior types with no back- 
ground, where these men are turned loose as inspectors, 
under the supervision of a radiographer, also without 
welding experience or knowledge. This practice of un- 
skilled and unqualified labour being turned loose on weld- 


ing, whether it be important pipelines for fuels or gas, 
tanks or vessels, applies to both the radiographic and the 
ultrasonic fields, and it does seem farcical that such labour 
is tolerated. 

A little knowledge is dangerous, and never was this more 
true than in the welding field, or in the inspection of 
welding field. 

In the hands of a craftsman, welding is one of the finest 
tools available to man, but in the hands of a dilutee, 
trainee, etc. it becomes a tool of sabotage, if only of a 
company’s products and good name. This also applies to 
the position of qualified and unqualified inspectors, and it 
seems tragic that we must have a major disaster occurring 
through lack of qualified welders and inspectors, before 
people will realise the great need for qualified inspection. 

Honesty of purpose is the first essential in inspection, 
and this of course starts by having qualified inspectors, 
with a wide knowledge of the subject to be inspected. 

Then, and only then, can non-destructive examination 
be used on a reduced percentage, as has been suggested for 
pipeline welds, when a visual inspection of the internal 
penetration bead has been made through the unwelded 
portion. 

It comes to a poor state of affairs when so called 
“welding supervisors/radiographers” have to ask a stove- 
pipe welder to interpret the radiographs taken of his own 
welding—but this does happen! 


R. B. WHALLEY 
(Inspection Services Limited) 
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By 
J. A. Greenwood, PH.D. 


Previous work on the temperature in spot welding has been based on simple 
models of the heat distribution which lead to analytical formulae for the 
temperature. In this paper a numerical solution of the problem is described. 
This was established with the aid of a digital computer. The flexibility of 
numerical methods allows the actual geometry involved to be taken into 
account; this means that the distribution of the resistive heat generation and the 
cooling effect of the electrodes are included. Contact resistance and the variation 
of material properties with temperature could have been included, but were 


ignored in this first study. 


It was found that the temperature distribution during the heating corresponds 
initially to the distribution of heat production, with spikes of high temperature 
at the current concentrations. These spikes are soon levelled out by conduction 
and, as heating continues and conduction can take place over larger distances, 
the temperature tends to an equilibrium form with the greatest temperatures on 
the axis of symmetry. This form bears no resemblance to the heat production 


pattern. 


Cooling curves have been plotted for various weld conditions, and the cooling 
rates found at different points. Cooling is fast by comparison with normal 
metallurgical processes, with rates of the order of 1000°C. per second. The 
cooling rate does not change much as the weld time is varied within the usual 
range, but it is very dependent on the time between switching off the current 


and unclamping the electrodes. 


ticularly in the newer engineering materials, it is 

essential that a close control should be kept over 
the temperature variation. One difficulty, however, is 
that the effects on the temperature distribution of 
changes in the welding time and current are not com- 
pletely understood. The only published theories of the 
process (e.g., Roberts, Roberts and Wells*; Adasin- 
skii') are based on highly simplified models which 
ignore not merely the detailed mechanism of the heat 
generation, but also the actual geometry involved. 
These models are certainly a useful guide to what may 
be expected, but they are too far from practice to be 
intrinsically convincing, and there is only a limited 
amount of experimental work on temperature mea- 
surements available with which to compare them. 


T: OBTAIN spot welds of satisfactory quality, par- 


It is possible by numerical methods to obtain a 
solution which includes all the known facts and makes 
assumptions only where the facts are not known. 
Using a digital computer this involves little more work 
than is needed to evaluate the analytical formulae of 
the simple models. However, since there is a serious 
lack of information about the physical process of 
welding, particularly on the breakdown of contact 
resistance, it was decided to produce a pilot solution 
before attempting to make postulates describing the 
general process. In this pilot solution the true spot 
welding geometry is taken into account, but not the 
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properties of the material. This reduces the problem 
to a linear one in which the principle of superposition 
applies. If a solution for a particular current has been 
worked out then the solution for any other current is 
found by simply scaling all the temperatures by a 
constant factor. In addition, by superposing a 
‘negative heat source’ the cooling curves can be found 
from the heating curve. If 0“(r) is the temperature at 
time ¢ due to switching on the current when t=0 and 
leaving it on, then the temperature at ¢ after the 
current has been switched off again at ff, is 


A(t) = 0H(t)—OH(t—t,) 


Thus, from a single heating curve, all the heating and 
cooling curves for arbitrary currents and heating 
times can be found. The solution becomes generally 
applicable instead of referring only to one particular 
material, current, and weld time as would be the case 
if, for example, the variation of specific heat with 
temperature had been introduced. Unlike the analytical 
solution, the numerical method does not require 
assumptions of constant material properties and there 
would be no difficulty in extending it to produce 
solutions for specific problems as required. 


The Physical Problem 


We are concerned with the problem of spot welding 
two large sheets of equal thickness, using circular 
electrodes placed opposite each other (Fig. 1). It is 
generally accepted that the sheets make electrical 
contact over a circle of approximately the same 
diameter as that of the electrodes. 


Heat production 

The current spreads out as it passes through the 
sheets, and in the absence of contact resistances there 
would be current concentrations round the periphery 
of the three contacts. On the other hand, in the 
absence of ‘body’ resistance, the potential drop would 
be uniform across each contact circle, so that the 
current density there would vary inversely with local 
contact resistance. The whole problem of whether 
oxide breaks down uniformly, or otherwise, for 
example preferentially round the edge of the contact 
circle, is being studied, but it is clearly too complex to 
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1—General diagram of spot weld 


be included in a pilot numerical solution, so it will be 
assumed that the contact resistance is zero. (This is, 
of course, exactly true in practice for the post-heat- 
treatment of a weld, when it is clearly desirable to 
know the cooling rates.) The distribution of current 
can then be found, again by numerical methods, and 
from this the rate of heat production at each point is 
known. 


Heat loss 


Heat is lost by conduction into the distant parts of 
the sheets and into the electrodes; in addition, the 
sheets may lose heat from the surface by convection 
and radiation. By considering a specific case, however, 
this heat loss from the surface can be shown to be 
negligible. 

Around a 3 in. dia. electrode there is a red-hot ring 
less than } in. wide, so that its area is less than | sq.cm. 
If its temperature is 800°C., the radiation loss can be 
calculated from Stefan’s law to be at most 1-8 cal/sq.cm 
sec, or 7-5 W/sq.cm. If the remainder of the surface 
reaches 200°C., the radiation loss will be 0-3 W/sq.cm. 
Convection loss will be of the same order, so that from 
20 sq.cm the loss will be 12 W, making in all 20 W. 
Since the aim is to heat a nugget with a volume of 
approximately 0-3 cu.cm to over 1500°C., the quantity 
of heat needed is of the order of 2500 joules, so that the 
loss from the surface, even over a second (20 joules) is 
negligible. 

It is immediately clear that the heat loss into the 
electrode must be important, for otherwise the 
electrode contact area would reach the same tempera- 
ture as the weld interface. The thermal resistance, like 
the electrical resistance, has a contact term and a 
body term. Values for the thermal conductance 
between two metals quoted by Weills and Ryder* (not 
for the pressures used in welding) range from 0-05 to 
1-5 cal/sq.cm °C. sec; under welding conditions a 
value of 2 seems likely. The thermal conductance of 
the electrode itself is of the same order; for example, 
a copper electrode which is water-cooled 1 cm from its 
tip has a conductance of | cal/sq.cm °C. sec, so, 
combining these, the conductance into the electrode is 
0-67 cal/sq.cm °C. sec. The additional heat used to 
heat up the electrode is neglected, since it is important 
only in initial stages of heating, and during this period 
a larger error has already been introduced by neglect- 
ing the heat produced in the contact resistance. If the 
electrode is a much better conductor than the weld 
sheet, heat will flow in the electrode parallel to the 
interface and will tend to equalise the temperatures 
over the contact area. This will be ignored, and it will 
be simply assumed that the normal component of the 
heat flow into the electrode at any point of the contact 
area is directly proportional tu the temperature at that 
point. The previous figure of 0-67 cal/sq.cm °C. is 
taken as the constant of proportionality. It turns out 
that the temperatures over the electrode soon become 
nearly uniform anyway, so that the cross-flow cannot 
be important. 

The main loss of heat from the weld nugget is 
straightforward conduction to more distant parts of 
the sheets. This is governed by the ordinary heat 
conduction equation with an additional term giving 
the rate at which heat is produced at each point; the 
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numerical solution of this equation is the basis of this 
work. 
The assumptions introduced are: 


(i) No contact resistance. This means that the current 
distribution can be calculated from the geometry of the 
weld and that there is no localised heat production at the 
contact surfaces 

(ii) Constant material properties, i.e., thermal conductivity, 
specific heat, and electrical resistivity. This allows scaling 
and superposition to be used 

(iii) No heat loss from the free surface: conduction into the 
electrode at a rate proportional to the temperature at the 
electrode contact. 


Numerical Procedure 


Cylindrical co-ordinates (r, z) are used, where z is 
the distance along the axis of symmetry and r the 
distance from it. Then the temperature satisfies the 
equation: 

c06 0% 1:00 d%0 
or or? |r Or’ sa) 
where A is the rate of heat production, c the specific 
heat for unit volume, and A the thermal conductivity. 


Over the electrode surface AB (Fig. 1) A HO where 


H is the thermal conductance into the electrode, and 
over the free surface BE and also over the interface 
FG (by symmetry), 00/az=0. There is axial symmetry 
about the line CD joining the centres of the electrodes, 
so if the temperature is known over any plane through 
this axis, it is known everywhere. 

To solve these equations numerically a mesh of 
points covering one such plane is considered. If an 
arbitrary point is labelled 0 and its four nearest 
neighbours as |, 2, 3, 4 (Fig. 2), then by using Taylor’s 
theorem to express the temperatures @, to 4, in terms 
of @, and its derivations, it can be shown that, if A 
is the mesh size, 

v6 190 d%) 1 1 


Fr dr’ dz? he 1+0,+03+04—40o+ 5 (O4—9s)} 
h® 0°0 
+e . = tO) 
where nh is the distance of point 0 from the axis. 
Also, 


6,(t+ 4t)—0,(t) = At. ~ +-O(4t) 
so that equation (1) becomes 
Ou(t-+ At) 894 at vo FOC) rae , as -O(h*) 4 an 
or approximately 
0,(t+ 4t)=0,+ y{0,+ 0.+ 0,+ 0,—40,4 x. (6,—4,)} + Adt/c 
jaeietnne (2) 


where y has been written for Adt/ch’. 

This equation predicts the temperature at time 
(t+-4t) from the temperatures at time ¢, and so by 
repeated application the temperature of each point at 
any time can be found. Suitable values of A and 4t 
must be chosen; these must be small so that the terms 
neglected are in fact negligible, but, of course, the 
smaller they are, the more points and time intervals 
will be needed, so that more work has to be done. The 
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values of h and 4t cannot be chosen independently, as 
the solution becomes unstable if y is too large. It can 
be seen that values of y greater than } are rather 
suspect at the coefficient of #5, namely (1 —4y), would 
then become negative, in which case the equation 
states that the hotter a point is at time ¢, the colder it . 
will be at time (t+4t) (Dusinberre”). The most 
accurate solution has y considerably smaller than this, 
though the optimum value is not known. Thus, if the 
number of points needed to represent the true solution 
is chosen so that the size of the space interval is 
known, then to reduce the length of the calculation 
the time interval must be as large as possible. But as 
the time interval is increased, the solution becomes 
first inaccurate and then unstable. As a compromise 
between an excessive amount of calculation and 
reasonable accuracy, the time interval was chosen to 
make y equal to 0-2 in all cases. 

Usually the temperature variation across the sheet 
may be represented adequately by the temperature at 
four points. For mild steel § in. thick this means that 
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2—Section through sheet, showing typical mesh point and its 
nearest neighbours 


the time interval is 0-0125 sec. For the initial heating 
this is not detailed enough, and some calculations 
were done with eight points across the sheet; the two 
distributions agreed after moderate time values. The 
ratio of electrode diameter to sheet thickness, 11:4, 
was that appropriate to welding } in. thick sheet. 
Temperatures were calculated at points up to ten 
sheet thicknesses from the axis of symmetry; at this 
radius an additional boundary condition of no heat 
loss was imposed. The results justified this step as the 
temperature attained at the boundary was negligible 
during the time range of interest. 


Boundary conditions 

The boundary conditions at the electrode and the 
free surface are introduced in the following way. The 
mesh is fitted so that the surface of the weld sheet lies 
halfway between two mesh points. Then if @, is the 
temperature of a typical point just inside the sheet, 
and @, the temperature at a ‘fictitious’ point just 
outside: 





00 04—9p 94+ 9, 
x h ’ and 0, ware 
00 = . 
But A— : H#,, so eliminating @: 
_ 1—AH/2A 
9s = ThA’ °* 


This is applied over the electrode with H=0-67, and 
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over the free surface with H=0. This equation is the 
only place in the mathematical problem where the 
sheet thickness or thermal conductivity is introduced 
explicitly. If dis the sheet thickness and h=d/N, then 
the results of one calculation will apply to any weld 
with the same value of dH/ NA. If it were not for the 
practice of changing the ratio of electrode diameter to 
sheet thickness when the sheet thickness changes, the 
results for 4 in. mild steel (A=0-12) could be applied 
to ;; in. stainless steel (A=0-04). Some scaling would, 
of course, be necessary in both time and temperature: 
the time scale is proportional to ch?/A and, for a 
= current, the temperature is proportional to 
p/h?a. 


Outline of calculation 

The first step is to evaluate the rate of heat produc- 
tion (pJ*) at each point. The potential distribution in 
spot welding geometries was known from earlier 
work with the T.I. computer: the values of the current 
density J were found from this by numerical differ- 
entiation and a table of values of (J/J,,)? produced. 
Jm is the mean value of the current density, i.e., the 
total current divided by the electrode area. The 
heating term (A4t/c) in equation (2) can be written as 


HI|In)® pTg2h? | A. 


The factor pJ,,?h?/A is ignored in the calculation, but it 
can be reintroduced at the end to convert the numbers 
found into temperatures. 

The computation proper was made on the Ferranti 
‘Mercury’ computer installed at Oxford University. 
The computer reads a punched tape containing the 
parameters specifying the geometry, the heat loss 
coefficient at the electrode, the table of heat produc- 
tion rates, the mesh points at which the temperature is 
to be printed, and the times at which these temperatures 
are required. The programme has provision both for 
heat loss into the electrode and the simpler case of no 
loss; one may be changed to the other at a specified 
time to represent unclamping the electrodes. Simi- 
larly, the heat production can be set to zero at any 
specified time, so that heating and cooling curves can 
be obtained directly as well as by using the super- 
position principle already explained. 


20 
4 


Results 


The computer prints the temperatures of selected 
points at selected times. Two types of graph can be 
plotted from this information; the first is the tempera- 
ture distribution after various times, and the second is 
the temperature cycle of a particular point. The latter 
is of more interest to the metallurgist, but it is rather 
easier to see what is happening physically with the first 
type. Before giving either it is convenient to describe 
the pattern of heat production that occurs. 


Distribution of heat production 

The current does not flow straight across the weld 
sheet but spreads out to make use of the regions not 
directly under the electrodes. Most of the current that 
does spread enters the weld sheet near the edge of the 
electrode, causing a current concentration there. Near 
the centre of the electrode the spreading has little effect 
particularly if the ratio of electrode diameter to sheet 
thickness is large, and the current is uniform. This 
gives rise to the heat production pattern of Fig. 3. Over 
almost all the region under the electrodes the rate of 
heat generation is within +20% of the nominal 
value, i.e., the value due to the same potential differ- 
ence applied to a cylinder of the same height. Over a 
considerable volume it is within +1 °%. Only immedi- 
ately under the edge of the electrode and at the edge of 
the contact circle is the rate appreciably higher; and 
these regions are close to areas with very little heat 
production. 


Temperature distribution at the end of heating 

Figure 4 shows the temperature distributions exist- 
ing at different times during the heating. The tempera- 
tures have been so scaled that at each time the hottest 
point is at 1600°C., and the diagrams thus give the 
temperature distribution as the current is switched off 
for a range of weld times. Figure 4a shows the 
temperatures produced after a very short weld time 
(0-025 sec). The resemblance to Fig. 3 is quite marked 
in the lower half although, even after such a short time, 
conduction has shifted the hottest point from the 
edge of the contact circle towards the centre. There is a 
second temperature maximum in the upper half of the 
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3— Distribution of heat production. Numbers at contours give fraction of nominal heat production rate 














320 


diagram, but the heat lost to the electrode has reduced 
the maximum value, and shifted it away from the 
electrode interface into the body of the sheet. Along 
the axis of symmetry the temperature varies little; it is 
very nearly constant until near the electrode, where it 
decreases rather abruptly by 10°. 

Figure 46 shows the effect of a longer weld time; it 
corresponds to the shortest time normally used on an 
a.c. welder for this thickness (0-1 sec). There is a very 
large region near the maximum temperature, extend- 
ing for half the thickness of the sheet in the middle and 
out as far as the edge of the contact circle: The actual 
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maximum occurs on the interface at approximately 
two-thirds of the electrode radius. 

As already discussed, it is not necessary for any 
particular isotherm to be associated with any par- 
ticular temperature. A larger current could bring the 
isotherm marked 900°C. to 1500°C., giving a very 
large molten region. The isotherm marked 1500°C. 
would then reach 2500°C., which might be undesir- 
able; the coefficient of expansion in the liquid state is 
likely to be much larger than for the solid, so that large 
strains would be expected. However, the expansion 
due to heating above the melting point is likely to be 
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4—Temperature distribution after various weld times: (a) 0-025 sec; (b) 0-1 sec; (c) 0-6 sec. In each case the 
current is chosen to bring the hottest point to 1600°C. 
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less important than the expansion occurring on melt- 
ing, which will occur whatever the temperature 
distribution at the end of heating. A more important 
objection to the distribution in Fig. 46 is that the 
hottest region is still close to the edge of the contact 
circle. If melting and consequent expansion occur, 
there is likely to be expulsion of the molten material 
because of the absence of a retaining ring of solid 
material. 

Figure 4c corresponds to a normal weld time for 
4 in. sheet (0-6 sec). The hottest isotherms, as for the 
usual weld nugget, are roughly oval. Near the electrode 
the isotherms are straight and parallel to the electrode 
face, showing that-the dominating feature of the heat 
flow is conduction to the electrode. A short distance 
outside the electrodes the isotherms begin to run 
straight across the sheet thickness and the temperature 
falls rapidly; at a distance of twice the electrode 
radius the temperature is less than 100°C. 
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5—Temperature cycles at different points. The current is switched 
off at the zero of the time scale; the curves marked A show the 
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If melting occurs after a time of this order it will be 
near the axis, and will spread out to the edge of the 
contact circle only if the current is excessive. Under 
these conditions the molten metal is safely held in by 
a pressure seal, and expulsion is unlikely. 

Thus it is seen that the temperature distribution 
continually changes during the heating, even though 
the heat production remains constant. Initially the 
hottest points are at the edges of the contact circle; 
they move inwards and finally the centre is the hottest. 
For each sheet thickness this process sets a definite 
minimum to the time in which a weld can be made. 


Temperature cycles of individual points 

The second way of presenting the results is used in 
Fig. 5. This shows the variation with time of the 
temperature at three typical points in the weld; one 
near the centre of the weld nugget, one near the edge 
of the weld spot, and one outside the weld spot.* The 
temperature cycle is shown fot a long weld time 
(0-8 sec), and for a short one (0-2 sec), with the 
currents scaled to give the same maximum tempera- 
ture, 1600°C. In addition, for the long weld time, the 
figure shows the cooling curve when the electrodes are 
unclamped as the current is switched off. (Zero clamp- 
ing time would not be used in practice, but the curve 
for the shortest practicable time would be similar.) 

It is seen that for points inside the weld spot the 
initial cooling rate is very high. For example, with the 
long weld time a point near the edge of the weld spot 
cools 100°C. in 4; sec. Unclamping the electrodes has 
no effect for the first 4; sec, but after this the cooling 
rate is appreciably reduced. Thus, for the first 0-1 sec, 
the cooling of points near the weld interface is due 
entirely to conduction within the sheets being welded. 
It is interesting to note that the initial cooling rate at 
the edge of the weld spot is almost twice as great with 
a short weld time as with a long one, while at the 
centre of the weld the cooling rate with the short weld 
time is slightly the lower. Although at first sight 
surprising, this is a natural consequence of such 
temperature distributions as those in Fig. 4. The 
temperature gradients shown there vary in just the 
way described for the initial cooling rates. 

Figure Sc shows that the temperature of points 
outside the weld spot continues to rise after the 
current is switched off. The time at which the peak 
temperature occurs depends on the weld time and the 
distance from the axis. However, this effect is not 
appreciable except for points where the peak tempera- 
ture is low; in general, it can be stated that if the peak 
temperature is more than half the value in the centre 
of the nugget it will occur at the end of the weld time. 
This may be a useful rule to bear in mind when using 
approximate models to calculate temperatures. 

The most important cooling rate in welding steel is 
not the initial rate but the rate immediately below the 
Ae, temperature. Near the edge of the contact circle, 
the time to cool from 700° to 600°C. was 0-09 sec 
with the short weld time, and 0-11 sec with the long 





* These curves give the temperatures due to a direct current. The 
curves produced by an alternating current of the same 
r.m.s. values oscillate about the d.c. curves with a frequency 
of 100 c/sec. For the sheet thickness considered (}in.), or for 
any greater thickness, the amplitude of the oscillations can be 
shown to be small. 
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weld time; with the electrode unclamped as the 
current was switched off the time increased to 0-26 sec. 
Near the centre of the contact circle the cooling rates 
were slightly higher; the times taken were 0-07, 0-09, 
and 0-25 sec respectively. All these cooling rates are 
fast compared to the cooling rates normally occurring 
in the heat treatment of steel (or in arc welding) and 
would seem likely to lead to transformation to 
martensite even in low-carbon ‘non-hardenable’ steels. 

It can be seen from Fig. 5 that for cooling with the 
electrodes remaining on, points outside the heat- 
affected zone cool less rapidly than points inside it. At 
the greatest time given, the temperatures at the three 
points shown are approximately equal. After a longer 
cooling period, the point outside the heat-affected 
zone will be the hottest. This corresponds to the heat 
which haS spread out into the sheet turning round and 
flowing back to the middle; in the end all the heat 
must flow out through the electrode. This is 
rigorously true in the problem solved and it is very 
nearly true in practice. 


Conclusion 


The temperature distribution in spot welding can 
conveniently be found by numerical methods, pro- 
vided that a digital computer is available. The calcula- 
tions apply to the actual weld geometry, and the 
results fit in with what is known experimentally. This 
is in contrast to the analytical solutions of simple 
models of the welding process, which by their nature 
can predict temperatures only in specified regions and, 
with most models, only during the cooling period. 

The temperature patterns produced show that 
initially the maximum temperatures are located in a 
ring round the edge of the contact region. The bulk of 
the region between the electrode is at a uniform 
temperature, corresponding to the uniform rate of 
heat production there. If the current is high enough to 
produce a weld in such a short time it will be a ring 
weld. 

With a rather longer weld time, the heat no longer 
remains where it is produced but has time to conduct 
over short distances. The original ring of high tempera- 
tures is close to a low-temperature region, so the ring 
disappears. There is also some conduction to the 
electrode, so that the upper half of the sheet becomes 
appreciably cooler than the lower half, but there is 
still a large region of uniform temperature. 

At the weld times normally used, conduction takes 
place over large distances. The temperature pattern 
no longer resembles the heat production pattern; in 
fact it is hard to see any connection between them. The 
isothermals, as for the usual weld nugget, are ovals. 
The maximum temperature is at the centre of the 
weld, and both the electrode interface and the edge of 
the contact circle are very much cooler than this. 

When the current is switched off, the cooling rates 
are extremely high. For } in. thick mild steel the 
initial rate is over 2000°C./sec, and when the tempera- 
ture has fallen by half, cooling rates of about 1000°C./ 
sec are found. The cooling rate does not change much 
between different points in the weld nugget, or with 
different heating rates. A lower heating rate increases 


the time at high temperature, but mainly by taking 
longer to heat up, not by taking longer to cool down. 
The cooling rate is reduced if the electrodes are un- 
clamped as soon as possible after the current ceases. 
This does not affect the initial cooling rate at points 
in the weld interface, but at the Ae, temperature the . 
rate is reduced to 400°C./sec. This is still fast enough 
to give a martensitic structure in almost any steel. 

The results described refer to a particular ratio of 
electrode diameter to sheet thickness and to a par- 
ticular electrode loss coefficient, both appropriate to 
welding } in. thick mild steel. It can be seen quali- 
tatively how the picture would be altered for different 
materials without repeating the calculations. Changes 
in resistivity merely affect the size of the temperature 
produced by a given current, not the pattern of the 
temperature distribution. 

The effect of a change in thermal conductivity is 
complicated. If the ratio of the thermal conductivity 
to the product of sheet thickness and thermal con- 
ductance into the electrode is kept constant, a change 
in thermal conductivity merely alters the time scale. 
Thus, for example, stainless steel will take about 
twice as long as mild steel to reach the quasi-equili- 
brium distribution. If the value of this ratio is changed, 
both the time scale and the pattern of isotherms will 
change. A lower thermal conductivity in the sheet will 
increase the importance of heat loss to the electrode, 
so that in equilibrium the temperature gradient across 
the sheet will be larger compared with the radial 
gradients. However, because of the change in time 
scale, the distribution at a given time will tend to be 
the more uniform one associated with an earlier stage 
in the heating process, and it is not clear which effect 
will predominate. An increase in sheet thickness with a 
corresponding increase in electrode diameter would 
have the same effect, but the practice of keeping not 
the diameter but the electrode area proportional to the 
sheet thickness will counteract this. The main result 
of increasing the sheet thickness is a simple increase 
in the time scale of the welding process. 

These calculations are a first attempt at a detailed 
account of the temperature cycle in welding. They do 
not include detailed material properties or contact 
resistance. But even with these restrictions it is be- 
lieved that they provide a useful step towards a fuller 
understanding of the spot-welding process. 
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Experiments on 
Fabricated Pipe Bends 


By P. H. R. Lane, B.SC. (ENG.), A.I.M., 
and R.T. Rose, B.SC., PH.D., A.M.I.MECH.E. 


Gusseted pipe bends fabricated by welding from sections of 12 in. bore 
straight pipe have been subjected to in-plane bending moments and to 
internal pressure. Bends of the two-weld and-three-weld designs have 
been studied, and the stress distributions determined are presented for 
the three types of loading. 

The results achieved are compared with theoretical smooth-bend 
behaviour, and the nature of the divergence is discussed. 








smooth pipe bends of the welding elbow type, 

subjected to in-plane bending and to internal 
pressure, has been fully investigated under both static 
and dynamic loading. Static loading tests on smooth 
bends from 3 in. to 12 in. dia. are described in two 
papers by Gross and Ford.! In these tests, measure- 
ments of stresses on both surfaces of the bends were 
made, together with measurements of flexibility and 
changes in diameter. A mathematical analysis was 
developed which enabled the stress distribution in the 
pipes to be forecast fairly accurately. 

Three series of fatigue tests on welding elbows made 
from 6 in. Schedule 40 pipe have also been carried out.” 
In the first of these, the bends were subjected to 
alternating in-plane bending, in the second they were 
subjected to pulsating internal pressure, and in the 
third to alternating in-plane bending combined with 
static internal pressure. As a result of these tests, a 
fairly complete picture of the behaviour of smooth 
pipe bends has been obtained. 

Such smooth bends are normally only available in 
pipe sizes up to 24 in. dia. Above this size it is generally 
necessary to use some sort of fabricated bend. The 
present work is concerned with an analysis of the flexi- 
bility of such bends and the stresses existing in them. 
In general, fabricated bends can be divided into two 
groups. First, the group which has been described 
as ‘gusseted’ bends, and second, bends of the ‘cut 
and shut’ type. The gusseted bend is formed from 
lengths of straight pipe cut with their ends at suitable 
angles to their axes and welded together (Fig. 1). The 


T= problem of the stresses and flexibility of 
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‘cut and shut’ type of bend is formed from one length 
of straight pipe by cutting out ‘melon slice’ pieces from 
what is intended to be the inner arc of the bend, then 
creasing the bend round and welding up where the 
pieces were removed. The present investigation is con- 
cerned only with the former type of bend. 


Previous Work 


Very few stress analysis tests have been made on 
gusseted bends. One such test by Gross was included 
in the series of tests on smooth bends referred to 
earlier.! However, the main purpose of this test was to 
measure the flexibility of the bend, and stresses were 
measured only in the centre of a segment of straight 
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Welding procedure: Root run 12 s.w.g. back chipped; sealing run 12 s.w.g.; 
remainder 8 s.w.g. Profiles of all welds dressed on completion 


1—Constructional details of 2-weld gusseted bend 
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0-375 thick 


Welding procedure: Root run 12 s.w.g. back chipped; sealing run 12 s.w.g.; 
remainder 8 s.w.g. Profiles of all welds dressed on completicn 


2—Constructional details of 3-weld gusseted bend 


pipe. The highest stresses would naturally be close to 
the junction between two segments and therefore this 
test is not strictly relevant to the present investigation. 
The bend investigated was a four-weld bend made 
from 12 in.x 4} in. stainless steel pipe and had an 
equivalent radius of curvature of approximately 
13% in. 

Some fatigue tests on welding elbows and two-weld 
gusseted bends have been reported by Markl.* He 
draws the conclusion that a welding elbow could 
safely be stressed to 20% higher than a gusseted bend 
for bending in the plane of the bend, and 70% higher 
for out-of-plane bending. In these experiments again 
no stress measurements were made and they are there- 
fore of limited significance for the present investigation. 


Test Specimens 


Two types of 90° fabricated bend were tested, of 
12 in. nominal bore and # in. thick. These are shown 
in Figs. 1 and 2, and are conveniently named 2- and 
3-weld bends. The 2-weld bend is made of one full 
segment, subtending an angle of 45°, and two half 
segments, each of 224°. The 3-weld bend is composed 
of two full segments, each subtending an angle of 30°, 
and two half segments of 15° each. Both types were 
designed to have an equivalent radius of 18 in. The 
equivalent radius describes a circle to which the centre 
lines of the bend segments are tangential. 

The bends were made with great care so as to ensure 
similarity between the specimens and to permit an 
accurate definition of the bend geometry. For the 
3-weld specimens, of which four were made, the pipe 
dimensions were sufficiently constant and close to the 
nominal sizes to permit it to be used as-received. For 


Table I 
Mechanical’ properties of material 





Yield Point 18-2 tons/sq.in. 
Ultimate Tensile Strength 27-4 tons/sq.in. 
Elongation on 2 in. 37% 
Red. in Area 62% 





the three 2-weld bends, however, the pipe to be used 
was of variable thickness and had to be machined. 
Final dimensions were 12 in. bore and 0-36 in. thick. 

In all cases, the weld reinforcement was dressed off 
to give a sharp intersection between segments. 
Gamma-radiographic examination of the 3-weld 
specimens revealed that the welds were of good 
quality, with only infrequent evidence of minor 
porosity. The pipe material was a good quality mild 
steel having the properties shown in Table I. 


Types of Test 


Both 2-weld and 3-weld bends were tested under 
in-plane bending (i.e., bending moments tending to 
increase or decrease the bend radius, see Fig. 3) and 
under internal pressure. In a test to verify the principle 
of superimposition of stresses, a 3-weld bend was 
subjected to pressure and in-plane bending simul- 
taneously. A 3-weld bend was subjected also to out- 
of-plane bending, as shown in Fig. 4. For the purpose 
of these tests, tangent pipes were welded to the bends. 
The tangent pipes were of the same material and 
nominal size as the bend, and of length equa! to 
14-2 diameters. This length was considered sufficient 
to prevent any interference with the flexibility and 
stress system of the bend. It also ensured that the 
direct stresses due to thrust in the in-plane bending 
tests were negligible compared with the stresses due to 
bending. The free ends of the tangent pipes were 
capped with flat steel plates to which lugs were 





3—3-weld gusseted bend in testing machine 
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welded, and the specimens were loaded through pinned 
joints. Thick flat end-plates were used to seal the 
tangent pipes in the pressure tests that were continued 
to bursting. 

Comprehensive measurements of bend behaviour, 
as described in the next section, were made during 
each type of test, both within the elastic range and 
after the observation of yield. Where possible the tests 
were continued to failure. In the pressure tests the 
failure point was bursting, and for the in-plane bend- 
ing tests tending to reduce the radius of curvature, 
failure took place by plastic buckling. In the tests 
tending to increase the radius of curvature no buckling 
occurred, and the tests were stopped after a large 
angular bend deflection had been recorded. Owing to 
limitations of the loading rig used for out-of-plane 
bending, it was not possible to carry the test much 
beyond initial yielding. Also, the stresses measured 
were less than for the same moment applied in the 
plane of the bend, and for these reasons the 2-weld 
bend was not subjected to this type of test. 


Measurements 

Defiections 

Measurements of the deflection along the line of the 
thrusts were made during the in-plane bending tests. 
These measurements were made by dial gauges 
attached to both sides of one of the end plates of the 
specimen. The gauges were connected by fine steel 
wires to corresponding points on the other end plate. 
When the deflections became large, the dial gauges 
were removed and measurements were made in the 
same locations using a steel rule. Changes in the 
effective moment arm, measured from the line of the 
thrusts to the centre of the middle cross-section of the 
bend, were noted and the applied moment was cal- 
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4— Arrangement for out-of-plane bending 


culated for each value of load. For the internal 
pressure test on a 3-weld specimen, the end plates 
were mounted on rollers to minimise restraint, and 
measurements of deflection were made using a method 
similar to that already described. In the out-of-plane 
bending tests, the deflections were so small that the 
unavoidable inaccuracies in measurement became a 
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5—Initial shapes of sections of 2-weld bends used for external 
load tests 
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6—Gauge plan for 2-weld bend 


For bends tested to destruction by external loading, gauges at the following 
locations only were used. 








Section Inside Outside 
A +224° +114°0 11} + 224° +113° 0° 
—224 33} 56} 224° —337 56} 
e B +224 114°0 + 333° +224° +114° 
224 56} o° —22}%° 
¢ +224 113° ¢ + 333° +224° +11) 
224 6} 0 223 
267% Weld dressed flush on +90 A 
both surfaces A . 
a ‘5 cr ' eer 
122" 20 
Section A ’ ; 
| . 
roe 4. ae \\ ea Pos; 
—e. -56' Wits, | 
-90 
For bends tested to destruction gauges at the following locations only were 
used 
Inside Outside 
: Test Sect. A Sect. B Sect. A Sect. B 
7—Gauge plan for 3-weld bend Compression 0 56} 90 +224 0 90 O° +223 
Tension 0 56} 90° O° +22) 0 33} 56} 
90 
Pressure 56}° —90° 22) 333° O 33? 564° 
90 


large proportion of the total, and the measurements _ circular or elliptical form are shown in Fig. 5 for two 


were therefore abandoned. of the 2-weld specimens, and these may be assumed to 
be typical. 
Diameters 
}Measurements of the outside diameter of the speci- Stresses 
mens at two sections were made during the in-plane Strains were measured on both inner and outer 


bending tests for both 2- and 3-weld bends, and also surfaces of the specimens, by means of electric resist- 
during the internal pressure test on a 3-weld bend. The ance strain gauges. Composite gauges, having two 
measurements were made using a large micrometer, perpendicular elements on one backing paper, were 
fitted with pointed anvils that fitted into small conical selected because they enabled the measurement of 
depressions in the specimen. Eight diameters were strain in two mutually perpendicular directions to be 
measured on each section. The measurements were made at substantially the same location. The use of 
made with some difficulty, and the accuracy was of the _ pairs of single gauges would produce inaccuracies in 
order of -+-0-002 in. However, the measurements of the deduced stresses owing to the steepness of the 
change in diameter for various loads were plotted and _ strain gradient. Each gauge element had a length of 
the best-fit straight lines were drawn for the elastic 4 in., a resistance of approx. 200 ohms, and a gauge 
range. Figures taken from these lines enabled the factor of 2:2. The gauges were protected from atmo- 
changes of diameter to be stated with an estimated spheric moisture and mechanical damage by a layer of 
accuracy of +0-0001 in. per 1 ton-in. moment or hard paraffin wax, except in the case of the pressure 
100 Ib/sq.in. pressure. tests for which the internal gauges were waterproofed. 

The initial deviations of the sections from the true The disposition of the gauges is shown in Figs. 6 
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8—Change of bend angle due to in-plane bending 


and 7 for the 2- and 3-weld bends respectively. It will 
be seen that measurements have been made on two 
sections, one A being % in. away from the intersection 
of two segments, and the other B in the centre of a 
segment. An additional section C, 14 in. from section 
A, was gauged on the 2-weld specimens. The distance 
of section A from the intersection could not be made 
smaller owing to the physical size of the gauges. 
Section C was added to the 2-weld bends to provide an 
indication of the steepness of the strain gradient. Only 
one specimen of each type of bend was fully strain- 
gauged, and subjected to all types of loading. The 
specimens tested to failure were partially gauged as 
shown in the tables accompanying Figs. 6 and 7. 


Results 
Deflections 
The measurements of the change in distance between 
the end plates of the specimens have been used to 
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9—Rotation of 3-weld bend subjected to in-plane bending 
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10—Rotation of 3-weld bend subjected to internal pressure 


calculate the change in angle of the bend. These 
angular changes are shown in Fig. 8, in which the 
results for 2- and 3-weld bends are plotted for the 
in-plane bending tests. Figure 9 shows the effect of a 
constant internal pressure on the rotation of a 3-weld 
bend under in-plane bending, and Fig. 10 shows the 
rotation due to pressure alone. 

To calculate the change in angle of the bend from 
the measured deflection, it was necessary to assume 
that the tangent pipes and bend segments remained 
straight with all the rotation occurring at the inter- 
sections. Further, it was assumed that each inter- 
section contributed the same amount to the total 
rotation. These rotations are independent of the length 
of the tangent pipes used in the tests, and are therefore 
of greater general application than the deflections. 
However, it is convenient to express the stiffness of 
gusseted bends in terms of the flexibility factor K, 


Table I 
Flexibility factors for gusseted bend specimens 





Tangent* Flexibility 
Length, A/W, Factor, 
Type in. Loading* in./ton K 
2-weld 16-9 Tt 0-0144 7-70 
2-weld 23-2 _ 0-0266 8-50 
2-weld 25:5 * 0-0320 8-70 
3-weld 17:3 T 0-0145 7-45 
3-weld 24-7 jC 0-0280 8-10 
\c-P 0-0249 7-15 
3-weld 26:5 T 0-0310 7°85 
\c 0-0310 7-85 





* Tangent length is the length of straight pipe measured on the 
pipe centre line between the cover plate and point of tangency 
with the 18 in. radius bend. 

+ T=Tension: increasing bend radius 
C=Compression: reducing bend radius 
P=Static internal pressure of 1,000 Ib sq.in. 
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Table I 
Theoretical (Von Karman) flexibility factors for equivalent 
smooth bends 





Flexibility 
Type r, t, R, Factor, 
in. in. in. a K 
2-weld 6°18 0-36 18 0-170 10-22 
3-weld 6:188 0-375 18 0-177 9-84 





r=mean radius of pipe section 
t= thickness 


R=equivalent bend radius 
4=tR/r? 


—e Section A (measured) 
--4 Section B (measured) 
-—-— As calculated for smooth bend 
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11—Change of diameters around 2-weld bend under an in-plane 
bending moment of | ton-in. 
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used for smooth bends. To do this, it is necessary to 
assume that the fabricated bend is replaced by a 
smooth bend of the same equivalent radius and then 
to deduce the value of K which accounts for the 
observed deflection of the gusseted bend. The deflec- 
tion of a smooth bend of radius R fitted with equal 
tangent pipes of length L, due to a thrust W acting 
along a line joining the free ends of the tangent pipes, 
is given by the well-known expression: 
W I 


' ll 
4 = Ay {Al KR|3L*+-6(4—n)LR4 6(—3)R*] 


{ 
\ 


where K is the bend flexibility factor, I is the second 
moment of area of a section of the bend about a 
diameter, and E is the modulus of elasticity. Taking E 
as 13,400 tons/sq.in., and mean values of 4/W from the 
thrust/deflection curves drawn for the tests within the 
elastic range, the flexibility factors were calculated and 
are shown in Table II. Flexibility factors calculated for 
the equivalent smooth bends, using three terms in 
Von Karman’s analysis, are shown in Table III. 


Diameters 

The changes in diameter for the in-plane bending 
tests are shown in Fig. 11 (2-weld) and Fig. 12 (3-weld), 
for an applied moment of | ton-in. For comparison, 
the change in diameter of a smooth bend having the 
same equivalent radius has been calculated using 
Von Karman’s analysis, taking three terms in the 
series for the deformation. This change is also plotted 
in Figs. 11 and 12. The changes in diameter that 
occurred during the internal pressure tests of the 3- 
weld bend are shown in Fig. 13, for a pressure of 
100 Ib/sq.in. 


Stresses 

The strain readings of each gauge were plotted 
against applied moment (or pressure) and the best-fit 
straight lines were drawn in the elastic region. The 
slopes of these lines were used to deduce the stresses 
acting in the directions of the gauge elements at unit 
moment (or pressure), using the usual formulae for a 
biaxial stress field. It should be noted that these are 
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13—Change of diameter of 3-weld bend under an internal pressure 
of 100 Ib/sq.in. 
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not necessarily the principal stresses acting, but the 
stresses normal and parallel to the section considered. 
For the sections B, these directions coincide with the 
longitudinal and hoop direction of the pipe, whereas 
for sections A (and C on the 2-weld bends) they are 
displaced from these directions by an angle varying 
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14—Stress distribution around 2-weld bend subjected to an in- 
plane (compressive) bending moment of 1 ton-in. 
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15—Stress distribution around 2-weld bend subjected to an in- 
plane (compressive) bending moment of 1 ton-in. 
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from 0° to 224° for the 2-weld bends, and 0° to 15° 
for the 3-weld bends. For convenience, they are 
termed longitudinal and hoop stresses in the diagrams. 
Figure 14 shows the distribution of these stresses on 
section A and Fig. 15 on sections B and C, for an 
in-plane moment of | ton-in. acting on a 2-weld bend. 
Similar results are shown for the 3-weld bend in 
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16—Stress distribution around 3-weld bend subjected to an in- 
plane (compressive) bending moment of 1 ton-in. 
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17—Stress distribution around a 3-weld bend subjected to an out- 
of-plane bending moment of | ton-in. 
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internal pressure of 500 Ib/sq.in. 


Figs. 16 and 17, the latter showing stresses due to 
out-of-plane bending. 

The stresses due to an internal pressure of 500 Ib/ 
sq.in. are shown in Figs. 18 and 19, for 2- and 3-weld 
bends respectively. 

The stresses due to in-plane bending, shown in the 
graphs, are average values for three specimens, for 
both types of bend. For this purpose, where necessary, 
the signs of the stresses were reversed to give values 
due to a moment tending to reduce the bend radius. 
The greatest deviations from the stresses averaged in 


Table IV 
Stresses measured under internal pressure and external loading separately and together 





JOURNAL, JUNE 1961 














“7 
Inside Outside e. 
o--o Longitudinal e—e ‘ITB 
a--a Hoop 4a—a 
iB 
A 
-90° 
a—>--—4>~ e “ 
a-~~ i  - Section A 
ia eo ° 
— S,(calculated) ~ 2 INT -4 =a i 
———w—s o—__-~%- o> he—--0-" 
4B Thx. <a Bs 
— S, (calculated) = F- — “sa----4 
Pe tee ee 
4 a 1 ae +60 +90 
enor” 6 -30° +3 a 
SY 60 30 fo 30 ——e 
s Section B 
s ] 4-4. 
=e a 4 = A 4 ia — 
— ——<_§ ga ei 
Om em ee - va 
wo aa Ww. 2 O~e — 
TS ee 
. & | 
4. iL " iL rn r 
-90° “60° -30° 0 +30° +60° +90° 


19—Stress distribution around a 3-weld bend subjected to an 
internal pressure of 500 Ib/sq.in. 


this way were +5%, indicating a high degree of 
consistency in the experimental results. The stresses 
due to internal pressure were averaged in a similar way. 
The results of the check on the principle of super- 
imposition of stress systems are shown in Table IV. 
Values of measured stresses due to an in-plane bending 
moment and internal pressure are given separately, and 
their sums compared with the stresses measured when 
both forms of loading were applied simultaneously. 


Tests to failure 

Under in-plane bending moments tending to 
decrease the bend radius, a 2-weld specimen showed 
general yield at a moment of 189 tons-in., and col- 
lapsed at a moment of 376 tons-in. The distortion of 





Gauge Location 


Angle Surface Section Longl. or 
Hoop 
0 IN A H 
90 IN A H 
223 IN B H 
0 OUT A H 
224 OUT B 3 
0 OUT B H 
0 IN A H 
90 IN A H 
0 IN B H 
223 IN B H 
33} OUT A L 
333 OUT A H 
90 OUT A H 


Stresses, tons/sq.in. 


External Load Internal (a) (b) External Load 
Only* Pressure Onlyt and Internal 
(a) (b) Pressure 


Simultaneously 


C —8-66 3-36 —5-3 —4-3 
Cc #55 5°45 8-6 8-1 
C id 1-74 3-0 ke 
© €15 3-45 9-6 9-2 
C 410 2-02 6°1 6:1 
c oa 3-67 9-2 8-9 
= oF 3-36 6°9 6°5 
T —1-19 5-63 4-4 49 
T #3l 3-24 5-8 5-1 
T 1:10 4-24 5-3 5-0 
tT 26 3-36 6°0 6:2 
T 0-80 5-17 6:0 5-6 
5 3S 5-06 6:1 6:0 








* Where stress is marked C external load was such as to produce a moment of 75 tons-in. tending to reduce the radius of curvature. 
Where stress is marked T the moment was 28-5 tons-in. tending to increase the radius of curvature. 
+ The internal pressure was 500 Ib/sq.in. in all cases. 
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section B was measured after the specimen had been 
removed from the testing machine, and the diameter in 
the plane of the bend was found to be 9-38 in., whilst 
in the perpendicular direction it was 15-69 in. No 
cracking was found in either the segments or the welds. 
The 3-weld bend yielded at 165-tons-in. and col- 
lapsed at 412 tons-in., again with no sign of cracking. 
The diameters measured at section B after collapse 
were 10-63 in. and 15-13 in. 

In-plane bending tending to increase the bend 
radius produced yielding at 159 tons-in. in the 3-weld 
specimen. The maximum moment applied was 
1,045 tons-in. at which load the change in bend angle 
was approximately 12°, and the test was discontinued. 
No cracking was observed, and the diameters of 
section B measured after the test were 14-50 in. (in the 
plane of the bend) and 10-25 in. (in the perpendicular 
direction). For the 2-weld specimen, part of the load- 
ing gear failed at an applied moment of 740 tons-in., 
but as the change in bend angle was already large 
(6°), no attempt was made to continue the test. The 
diameters measured at section B were 13-69 in. and 
11-38 in. 

The loading rig used in the out-of-plane bending 
test on the 3-weld bend was limited in capacity to 
595 tons-in., and this moment produced no pronounced 
permanent set in the bend. 

Under a steadily increasing internal pressure, the 
2-weld bend showed general yield at 1,800—1,950 Ib/ 
sq.in. and burst at 2,900 Ib/sq.in. The fracture was a 
shear failure 6 in. long, lying in the longitudinal 
direction across a welded intersection and located at 
about 45° to the inner arc of the bend. 

In the case of the 3-weld bend, yield was first 
observed at 1,000 Ib/sq.in. and bursting took place at 
3,700 lb/sq.in. The failure was brittle and extended 
along the whole of the inner arc of the bend. 

The bursting pressures of straight pipe calculated by 
means of the mid-diameter formula and U.T.S. from 
Table I, were 3,560 Ib/sq.in. for the average dimensions 
of the pipe used for the 2-weld bend and 3,720 Ib/sq.in. 
for the 3-weld bend. 


Discussion 


The large number of experimental observations 
included in the results can be interpreted best in 
comparison with the behaviour of smooth bends of 
equivalent radius. As will be seen, the comparison is 
sufficiently close to lend support to the use of the well- 
established smooth-bend theory for the design of 
gusseted bends, and provides a close indication of the 
differences in behaviour that would have to be 
accounted for in any theory for fabricated bends. 


Flexibility 

The enhanced deflection under in-plane bending 
loads of a pipe bend, above that predicted by ordinary 
beam theory, is expressed customarily by means of 
the flexibility factor K. Comparisons between the 
flexibility of the gusseted bends and smooth bends of 
equivalent radius are made in Tables II and III. The 
experimentally deduced values of K for the 2-weld 
bends fall in the range 75-85% of the smooth bend 
value of 10-22, whilst those for the 3-weld bends 
occupy a range (excluding the test in which an internal 
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pressure was present) of 76-83 °%% of the smooth bend 
value (9-84). The lower values of flexibility factor are 
associated with the specimens having shorter tangent 
pipes, and it is probable that the rigid end-plates 
restrained the tendency of the bend sections to assume 
an oval shape, thus limiting the flexibility. Neverthe- 
less, the comparison is sufficiently close to justify the 
use of smooth-bend theory in calculating the flexibility 
of fabricated bends. This is in accordance with the 
findings of Gross and Ford in their work on a 4-weld 
gusseted bend. 

The effect of an internal pressure of 1,000 Ib/sq.in. 
on the flexibility of a 3-weld bend was to reduce the 
flexibility factor of 8-10, determined without pressure 
acting, by 12% to 7-15. Rodabaugh and George‘ have 
developed a theoretical expression for the flexibility 
factor of smooth bends when pressurised, and this 
predicts a reduction in flexibility factor of 16°% for the 
smooth bend equivalent to the present 3-weld bend. 


Diameters 

The measured changes under in-plane bending, in 
the diameter of sections close to and remote from the 
welded joints, are compared in Figs. 11 and 12 with 
those calculated for a smooth bend. Agreement is 
good, and moreover the distortions of both sections 
are almost identical. This supports the earlier con- 
tention, made in deducing angular movements from 
deflection data, that rotation in fabricated bends is 
generated mainly at the intersections, with the 
straight sections remaining substantially straight. The 
agreement with smooth-bend theory for diameter 
changes does not necessarily imply that the stress 
systems should be identical since local stresses, 
particularly of a bending nature, could exist without 
producing significant diametral deformation. 


Stresses 
In-plane bending 


The stresses at sections B (remote from welds) are, 
in both the 2-weld and 3-weld bends, of similar 
distribution to, but of smaller maximum value than, 
those of a smooth bend. The internal hoop stress, 
which has the highest peak, is shown in Fig. 20 for 
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20—Comparison of internal hoop stress at section B for 2-weld, 
3-weld, and smooth (by calculation) bends subjected to an 
in-plane bending moment of | ton-in. 
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21—Calculated stress distribution in a smooth bend subjected to 
an in-plane (compressive) bending moment of I ton-in. 
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22—Comparison of hoop stress at section A for 2-weld, 3-weld, 
and smooth (by calculation) bends subjected to an in-plane 
bending moment of | ton-in. 


fabricated and smooth bends, to illustrate this point. 
The complete theoretical stress distribution for a 
smooth bend of 18 in. radius in 12 in. bore pipe 
0-375 in. thick is given in Fig. 21. 

It is close to the welded intersections that large 
differences between stresses in smooth and fabricated 
bends occur. The hoop stresses at inner and outer 
surfaces at sections A (close to the welds) for 2-weld 
and 3-weld bends are compared with one another and 
smooth-bend theory in Fig. 22. For the 3-weld bend, 
the maximum measured hoop stress of —0-11 tons/ 
sq.in. per ton-in. moment (close to the neutral axis, at 
the inner surface) is still less than the maximum of 
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—0-138 tons/sq.in. predicted for a smooth bend. 
However, for the 2-weld bend, the measured peak 
stress was —0-20 tons/sq.in. and therefore 45 % greater 
than for the smooth bend. 

A more marked difference in the character of the 
stress distribution in fabricated bends is evident when 
the longitudinal stresses at the intersection are 
examined. The comparison with smooth-bend theory 
is made in Fig. 23 for the outer surface and in Fig. 24 
for the inner surface. The symmetry between extrados 
and intrados regions, present in smooth bend stresses 
is lost and whilst for the extrados (0° to +-90°) there 
is still fair similarity of stresses for fabricated and 
smooth bends, on the other side of the neutral axis 
(0° to —90°) it is clear that a large component of 
bending stress has arisen in the fabricated bends. If 
the direct longitudinal stress acting in the fabricated 
bends is calculated as the mean of the stresses at the 
inner and outer surfaces, it is in fair agreement with 
that for the smooth bend. Accordingly, the significant 
difference between fabricated and smooth bends is 
the appearance of a longitudinal bending stress, 
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23—Comparison of outside longitudinal stress at section A for 
2-weld, 3-weld, and smooth (by calculation) bends subjected 
to an in-plane bending moment of 1 ton-in. 





—2-weld 
——3-weld ae 
----Smooth (by calculation) 2 = 
‘S F 40-10 
ew 
os 
Su 
= 1005 47 
Ww oe te. ~ 
Ga a 
z 4! ie 
4 L _ a | 
f +30° ie +90° 
, ANGLE FROM 
NEUTRAL AXIS 
-0-0 





4-010 


24—Comparison of inside longitudinal stress at section A for 
2-weld, 3-weld, and smooth (by calculation) bends subjected 
to an in-plane bending moment of 1 ton-in. 
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compressive at the inner surface, in a region close to the 
welded joints and having a maximum value at a point 
between the neutral axis and the inner arc of the bend. 

This additional bending stress is larger for the 2- 
weld bend but nevertheless is exceeded by the hoop 
stress near the neutral axis already noted. Since 
differences between smooth and fabricated bend 
stresses must be associated largely with the dis- 
continuity in profile at the joints of fabricated bends, 
it is probable that higher stresses exist at points 
closer to the intersections than could be reached using 
strain gauges of finite size. The point is well-illustrated 
in Fig. 25, where stresses at points 0-375 in., 1-875 in., 
and remote from an intersection are plotted and 
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in Fig. 17 must be interpreted in this light. It may be 
assumed that the torsion loading gave rise to only small 
and reasonably uniform stresses, so that the stresses 
plotted could be safely attributed to the out-of-plane 
bending component. This component has a value of 
1 /4/2 the applied couple and therefore, for comparison 
with the stresses produced by an in-plane moment of 
1 ton-in., the stresses in Fig. 17 should be multiplied 
by the factor 4/2. The inside hoop stress then has a 
maximum value of 0-078 tons/sq.in. per ton-in. out- 
of-plane moment. and this may be compared with the 
maximum value of 0-11 tons/sq.in. per ton-in. in-plane 
moment (Fig. 16, section A). This is in accordance 
with the smooth-bend theory, in which stresses due to 
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25—Significant stress gradients in a 2-weld bend 


joined by tentative curves. The stress gradient at the 
points of stress measurement nearest the intersection 
is high and it is doubtful whether maximum stresses 
have been measured. An attempted resolution of this 
difficulty using strain gauges of smaller size would 
probably lead only to inconclusive results, and instead 
it is suggested that a theoretical analysis designed 
expressly to account for the divergence in smooth and 
fabricated bend behaviour should be sought. 


Out-of-plane bending : 

In the method of loading adopted for the out-of- 
plane bending test on a 3-weld bend, a turning 
moment was applied to one tangent pipe, while the 
other was prevented from moving. The type of loading 
varied around the bend, therefore, from a pure torsion 
at one end to a pure out-of-plane moment at the other 
end. At the section A, where stress measurements were 
made close to the intersection at the midpoint of the 
bend, the loading was an equal combination of torsion 
and out-of-plane bending, and the stress distributions 


in-plane bending exceed those due to out-of-plane 
bending. 


Internal pressure 

For internal pressure, the maximum proportional 
increase over the calculated stress in a straight pipe of 
the same dimensions is in section A at —56°, where 
the hoop stress in the 2-weld bend (Fig. 18) is double 
the calculated hoop stress for a straight pipe. In a 
smooth bend, the maximum stress concentration for 
internal pressure is usually not more than 1-1. It is 
interesting to observe the very pronounced similarities 
between the measured stress distributions for the 
2-weld bend and those given in Fig. 19 for the 3-weld 
bend. 


Further Work 
In the previous section, attention has been drawn to 


the fact that, with the strain gauge technique at 
present used, it is likely that the measured stresses 
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underestimate the maximum stresses in the gusseted 
bends. For this reason it is suggested that a continua- 
tion of the experimental stress analysis work would 
not be fully rewarding. Nevertheless, the present 
experimentally measured stresses might prove of value 
if they could be used to check the accuracy of a 
theoretical prediction of the stress distribution. As yet 
no such theoretical prediction is available, but it is 
suggested that attempts should be made to obtain an 
approximate solution of the problem. 

Immediately useful results would be obtained from 
a series of fatigue tests on fabricated bends, and such a 
programme has been started at B.W.R.A. Earlier 
fatigue tests? on smooth bends have been carried out 
to provide a reference level with which to compare 
such tests, 


Conclusions 


(1) The flexibility under in-plane bending of 2-weld 
and 3-weld gusseted bends is closely similar to that of 
smooth bends. 

(2) Stresses in gusseted bends are of similar distribu- 
tion to those in smooth bends, with the addition of a 
longitudinal bending stress component in the vicinity 
of the intersections. In magnitude, the maximum 
measured stress in the 2-weld bend is 1-4 times as 
great as in a smooth bend, although it is possible that 
the true maximum stress has not been discovered. 
Measured stresses in the 3-weld bend are less than 
those in the 2-weld bend. 


(3) The welded joints do not constitute a weakness 
in gusseted bends tested to destruction under static 
external loading or internal pressure. 

(4) The stresses acting in a gusseted bend, subjected 
to simultaneous external load and pressure, are the 
sums of those stresses acting when the bend is sub- 
jected to each form of loading separately. 

(5) The flexibility of gusseted bends is diminished by 
the presence of internal pressure by an amount similar 
to that evaluated for smooth bends. 


Acknowledgments 


The Association is grateful to Stewarts and Lloyds 
Ltd. who carried out the radiography. The authors 
acknowledge with thanks the assistance they have 
received from Dr. A. A. Wells, Assistant Director, 
throughout this work. Thanks are due also to Mr. 
R. F. Quartermaine, Mr. E. O. Lawrance, Mr. G. A. 
Higgins, and others who have assisted with the 
manufacture and testing of the specimens. 


REFERENCES 
1. N. Gross and H. Forp: Proc. I. Mech. E., 1952-53, vol. 1B, 


2. P. H. R. Lane: “Fatigue Tests on Seamless Mild Steel Pipe 
Bends”. Inst. Mech. E., International Conference on Fatigue, 
Sept. 1956. Paper 9, II, p. 687. 

3. A. MARKL: Trans. A.S.M.E., 1947, vol. 69, p. 869. 

4. E. C. RoDABAUGH and H. H. Georce: Trans. A.S.M.E., 1957, 
vol. 79, p. 939. 





Tea provided 





THE INSTITUTE OF WELDING -SOUTH LONDON BRANCH 





CONVERSAZIONE & EXHIBITION 


devoted to 


“QUALITY CONTROL IN WELDING” 


WEDNESDAY, JUNE /4th, 1961] 
(3 until 8 p.m.) 


54 PRINCES GATE, LONDON S.W.7. 


An opportunity for discussion and display of defects in welds 
and methods for their detection. 20 exhibitors. 


All members and their guests are welcome 




















nh 


and Announcements 


335 























NEW $ = 























News of the Institute and Branches 


B.W.R.A. 


and Industry 


MEETINGS 


Spring Meeting 1961 

The Spring Meeting of the Institute, 
held in London on 25th-28th April, 
although it did not attract as large a 
number of enrolments as might have 
been expected during the Engineering, 
Marine, Welding and Nuclear Energy 
Exhibition at Olympia, produced some 
very lively discussion and appeared to 
be enjoyed by those who took part. 

The proceedings opened with the 
Fourth Annual Lecture on “Welding in 
the Non-Ferrous Field”, by Dr. N. P. 
Inglis, with Mr. Gilbert Roberts in the 
chair because of the regretted absence 
of the President, Mr. E. Fuchs, for 
reasons of health. 

There was a small reception at the 
Institute after the lecture from which 
members of the Council withdrew in 
order to entertain the lecturer at dinner. 

The first of the three technical sessions 
on the following morning attracted a 
large audience for the presentation of 
four papers: 

““Mild Steel Electrodes for Contact 

Welding” by J. W. Addie 


‘Mild Steel Welding with Argon/CO, 
Mixtures” by B. H. Baker, N. Crevis, 
J. A. Lucey and F. W. Lunau 


“Automatic Tungsten Arc Welding of 
Heat Exchangers” by N. T. Burgess 


‘“‘Inert-Gas Shielded Metal-Arc Wel- 
ding of Thick Copper without Pre- 
heat” by K. J. Ciews : 

On the same afternoon a party of 
25 visited the Welded Maidenhead 
Bridge where they were received by 
Mr. K. A. Goodearl, Site Engineer. 

The visitors were given a most interest- 
ing “tour” of the bridge, including the 
inspection of the anchor links and a 
view from a motor launch of the under- 
side of the main girders. 

Many problems associated with a 


Other Societies 


INSTITUTE ACTIVITIES 


welded construction of this nature were 
discussed with the engineers who acted 
as guides. A vote of thanks to them was 
proposed by Mr. N. L. G. Lingwood. 
On Thursday morning the following 
papers were presented and discussed: 


‘Developments in Stud Welding” by 


D. J. N. Laurie 
“Foil Seam Welding” by Dr. Ing. F. 
Busse 


““Some Recent Developments in Braz- 
ing” by G. R. Bell 


In the evening the London Branches 
held their Joint Annual Dinner at 
Quaglino’s where the attendance ex- 
ceeded 400. The Chair was taken by 
Mr. R. W. Ayres, retiring President of 
the North London Branch and the 
principal guest who proposed the toast 
of “The Institute and the London 
Branches” was Sir Kenneth Hague. 
The response was made by Mr. Harry 
West, Vice-President of the Institute. 
The Chairman proposed the toast of 
“‘The Guests” to which Professor A. J. 
Kennedy replied, asking for the support 
of the Institute and its members for the 
Post-Graduate Course in Welding Tech- 
nology which is to open at the College 
of Aeronautics, Cranfield, in the Aut- 
umn. 

The third and last session was held on 
the following morning, when the papers 
given below were presented and dis- 
cussed : 


“‘Auto-Pneumatic Metal Spraying 
Machines” by W. E. Stanton 


**4 Note on Flame Spraying Develop- 
ments” by Lloyd Manuel 


‘An Adhesion Test for Aluminium 
Spray Coatings and Other Metal- 
lised Surfaces” by R. S. Smith and 
N. Stephenson 


This was the day of the Institute’s 
Official visit to the Engineering Exhibi- 
tion. Some twenty members of the 





































































































Council were guests of the exhibition 
organisers at luncheon at Olympia, and 
the Institute was represented at the top 
table by Mr. R. G. Braithwaite, a Past- 
President. 


Welding in Shipbuilding 

A very large attendance is expected 
at the Autumn Meeting of the Institute 
this year, which will be held in London 
between 30th October and 3rd Novem- 
ber, 1961, and will take the form of a 
Joint Symposium on “Welding in Ship- 
building’’. 

Already more than thirty papers from 
nine countries have been promised. 
These will be preprinted in a separate 
volume and subsequently reprinted with 
a report of the discussion. 

The Annual Dinner, for which those 
enrolled for the Symposium will be able 
to purchase tickets, is to be held at the 
Connaught Rooms on the evening of 
Wednesday, Ist November. 

All technical sessions will of course be 
open to members, who will also be able 
to enrol for the Symposium and, if they 
wish, to obtain copies of the preprints 
and proceedings and to attend certain 
other social functions arranged in 
connection with it. 


ELECTION OF MEMBERS 


The following elections have been 
made effective from the dates indicated: 
15th December 1960— 


Associate 
S. K. Lala (India) 


26th January 1961— 
Companion 
C. Bennett (Staffs.). 


Graduate 
S. C. Bhalla (India). 
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23rd February 1961— 
Member 
*H. C. Constantine (Banbury). 


Companions 
S. Blake (Warwickshire); E. L. Court- 
ney (Bedford); R. M. Wisdom (Worces- 
tershire); G. A. Reston (Lancs). 


Graduate 
S. K. Mazumder (Germany). 


Associates 
L. F. Axford (Dorset); P. K. Bhatta- 
charjee (India); E. B. H. Devine (Kent); 
J. P. Marshall (Birmingham). 


23rd March 1961— 
Members 

F. B. Bott (Shropshire); M. Riddi- 
hough (Solihull); E. Griffin (Birming- 
ham). 

Associate Members 

R. S. Brunton (Glamorgan); J. M. 
Francis (Gourock); W. F. Robertson 
(Glasgow); P. R. Webster (Japan); T. 


W. Eadie (Derby); J. Peplow (Stockton 
on Tees). 


Companions 


S. K. S. Pratury (India); F. H. 
Scothern (Doncaster). 


Graduate 
J. T. Gibbin (Yorks.). 


Associates 


O. E. Clark (Hants); W. Cox (Che- 
shire); J. J. Higgins (Middlesex); K. 
Hunter (Co. Durham); F. Hutchinson 
(Warwickshire); H. Marsden (Co. Dur- 
ham); R. M. Patrick (Nigeria); A. A. 
Twine (Hants); S. I. Varadachari (India). 


* Transfer from Associate Member 





NEWS OF MEMBERS 


Mr. A. McNabb, A.M.I.Mech.E., has 
left Dewrance & Co. Ltd. to become 
Assistant Works Manager with James F. 
Low & Co., Monifieth, Angus. 


Mr. E. N. Farrar, A.M.I.Mech.E., 
M.1.Prod.E., who has been with Davey 
Paxman & Co. Ltd. for many years, has 
now taken over the post of Industrial 
Relations Manager of that Company. 


Mr. H. W. G. Hignett has been 
appointed a Director of the Internation- 
al Nickel Company (Mond) Ltd. He 
remains Managing Director of Henry 
Wiggin & Co. Ltd. 


Obituary 


The Council records with regret the 
death of the following member: 
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Mr. A. T. Willmouth (Birmingham 
Branch, Associate Member 1941). 


CONTRIBUTORS TO THE 
JOURNAL 


J. A. Greenwood, Ph.D., is at the 
Hinxton Hall Laboratories of Tube 
Investments Ltd. He read mathematics 
at the University of Cambridge and then 
joined Dr. F. P. Bowden’s laboratory to 
do experimental research on the mech- 
anism of sliding friction, for which he 
received a Ph.D. in 1957. 

During this period, as the only 
mathematician within call, he became 
involved in theoretical work on the role 


of elastic hysteresis losses in rolling 
friction, and also on the heating of 
electric contacts. The latter involved the 
study of contact resistance, current dis- 
tribution, and heat flow, and has, of 
course, a close relation to spot welding. 
In 1957 Dr. Greenwood joined Tube 
Investments Research Laboratories as a 
member of the team studying the funda- 
mentals of resistance welding, and since 
then has been trying to explain spot 
welding in terms of electric contact 
theory. 


BRANCH NEWS 


On 20th February a joint meeting was 
held with the Dundee Branch of The 
Institution of Engineering Inspection, 
at the Royal British Hotel, Dundee. 

Films loaned by the British Oxygen 
Co. Ltd., depicting some of the inert-gas 
and oxy-acetylene welding processes, 
were shown as a basis for discussion. 
Questions on many points raised were 
dealt with by Mr. D. Taylor, Sales 
Representative for British Oxygen Co. 
Ltd. to whom the Institutes are in- 
debted for arranging what was a most 
interesting and instructive evening. 


R.D.B. 


On Wednesday Ist March 1961, a 
lecture entitled ‘Quality control methods 
adopted by a large user when purchasing 


Discussion 


Quality Control 


welded equipment” was given by Mr. W. 
Ashworth, A.M.I.Mech.E., assisted by 
Mr. R. Partridge. The joint author of 
the paper, Mr. E. Fuchs, M.A., Presi- 
dent of the Institute of Welding and a 
member of the Manchester Branch, was 
unable to be present. The lecture was 
fully reported in the October 1959 issue 
of BWJ, and was presented at the 
Autumn Meeting of the Institute in 
November of that year. 

A.C.M. 


Annual Dinner 


Nearly 200 members and guests 
assembled for the Manchester and Dis- 
trict Branch Annual Dinner, held at the 
Grand Hotel, Manchester, on Monday, 
6th March 1961, the Chairman of the 
Branch, Mr. E. H. Lee, presiding. 

The Toast of the City and Ports of 
Manchester was proposed by Mr. C. A. 
J. Begg, Engineering Director of I.C.1. 
Ltd., Alkali Division, and the response 
was made by the Right Worshipful the 
Lord Mayor of Manchester, Alderman 
Arthur Donovan, J.P. Mr. C. H. 
Flurscheim, Director and Chief Elec- 
trical Engineer of A.E.I. (Manchester) 
Ltd., proposed the Toast of the Institute 
and Branch, to which Mr. Gilbert 
Roberts, Vice-President of the Institute 
replied in the regrettable absence 
through illness of Mr. E. Fuchs, 
President. 

The third Toast was that of the Visi- 
tors and Kindred Associations, pro- 
posed by the Chairman, to which Dr. 
C. Whitworth, Principal of the Royal 
Technical College, Salford, replied. 

Mr. Roberts dwelt on the long stand- 
ing interest of the Branch and of the 
Manchester College of Technology in 
advanced instruction in welding and 
appealed to the industrialists present to 
support the post-graduate course at the 
College of Aeronautics, Cranfield, by 
sending suitable members of their staff 
to it. 

Dr. Whitworth also appealed for 
industrial support for the courses in 
welding technology offered at the Royal 
Technical College, Salford. 


The Annual Dinner of the Branch was 
held at the Coatham Hotel, Redcar, on 
Friday, 3rd March 1961, the Branch 
Chairman, Mr. M. E. Pool, presiding 
over a good attendance of some 80 
members and guests. 

The Toast of the Institute was pro- 
posed by the Chairman, and the res- 
ponse was made by the Secretary of the 
Institute, Mr. G. Parsloe, in the un- 
avoidable absence through illness of the 
President, Mr. E. Fuchs, and of Mr. 
R. E. G. Weddell, a Past-President, who 
had promised to replace the President. 
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Mr. Parsloe spoke of the importance 
of advanced education in welding tech- 
nology, with particular reference to the 
post-graduate course to be opened at the 
College of Aeronautics, Cranfield, in 
October. 

The other speaker was Mr. R. A. 
Exton, Chairman of the Tyneside 
Branch, who proposed the health of the 
Chairman. 


Unusual 
Applications 


The title of the lecture on 22nd March, 
“The design of resistance welding equip- 
ment for unusual applications’ was 
well chosen by Mr. J. D. Morris, who 
opened by discussing the application of 
welding to the fabrication of dental 
braces. Special machines have been 
designed for the welding of these intri- 
cate stainless steel wires, plates, etc. It 
would appear that, apart from the large 
dental hospitals, many private practi- 
tioners are now becoming welding 
technicians by carrying out this specia- 
list work at their own premises. 

The next subject dealt with was the 
closing of steel tubes by resistance 
heating and hydraulic forming. A film 
was shown illustrating the automatic 
installation for the production of high- 
pressure gas cylinders. 

The lecturer then discussed the 
increased use of resistance welding in 
the electrical component field. This 
form of welding is replacing soldering 
to some large degree for the joining of 
copper to copper, and to many other 
materials. Again, a short film showed 
the operation of a special machine 
designed for the fabrication of a com- 
plete coil assembly. A further illustration 
of special equipments was displayed by 
a short film showing a machine designed 
to fabricate bird cages automatically. 
The purpose of this machine is to save 
labour costs and general handling time. 

The last subject dealt with was the 
flash-butt welding of carbon steel strip 
for continuous coils. 

The lecture was well received and a 
lively discussion followed with ll 
questions being very ably dealt with by 
the speaker. 


South London 


On Wednesday, 15th March,.Mr. C. 
Atkinson, of the National Boiler and 
General Insurance Co. Ltd., spoke to 
some 60 members and guests on the 
subject of “Testing, inspection and 
assessment of welds’’. 

In a very interesting discourse, fully 
illustrated with several dozen slides, Mr. 
Atkinson first emphasised the difference 
between good and bad welds, mention- 
ing some of the contributory causes such 
as bad fit-up, etc. He mentioned the 
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various categories of weld classification 
and further dealt with the important 
topic of welder qualification. He noted 
how important it was to apply the 
correct preheat to a weld to achieve 
sound metallurgical quality and also 
spoke on the destructive methods of 
testing, making particular reference to 
bend tests. He explained that practically 
all the defects he had shown in the slides 
were of bad welds but that nevertheless 
these were of production welds not 
specially prepared for lecture purposes. 
In a lively discussion questions were 
directed to the rewelding of certain jobs 
in an attempt to effect a satisfactory 
repair, and seal welding. Mr. O. Bondy 
proposed a vote of thanks for what was 
generally agreed as being a most enter- 

taining and well informed lecture. 
N.T.B. 


7 . Transportation 
Medway Section Pipelines 

On 22nd February 1961, at the King’s 
Head Hotel, Rochester, a Joint Meeting 
with the Institute of Petroleum took the 
form of a ‘Symposium on Pipeline Con- 
struction’. 

The paper ‘Transportation pipelines’ 
by R.J. Wright, A.M.Inst.W., M.S.M.A., 
was read by Mr. Page, and gave the his- 
tory of pipelines from the bamboo pipes 
used by the Chinese to the present day. 
Also discussed were the various welding 
techniques employed, with particular 
reference to the ‘stove pipe’ method. 

After a short interval for coffee, mem- 
bers were given a fascinating introduc- 
tory talk, by Mr. N. W. Grey, to the 
film of the construction of the Wilhems- 
haven to Cologne pipeline. 

The Medway section were particularly 
pleased to have with them Mr. Hinde, 
Chairman of the South London Branch, 
who gave the vote of thanks, which was 
seconded by Mr. Morgan, Secretary of 
the Institute of Petroleum. 

This joint meeting emphasised the 
close relationship between the welding 
industry and the petroleum industry and 
the 50 members present agreed that a 
most useful purpose had been served by 
bringing together the branches of the 
two industries. 

A.M.C. 


Non-destructive 
— 


On Monday, 6th March, at Radiant 
House, Bristol, Mr. H. Gibbs of the 
Admiralty, Bath, an acknowledged 
specialist in his subject, presented a 
lecture entitled **‘Non-destructive testing 
in shipbuilding and marine engineering”. 

Mr. Gibbs commenced by mentioning 
problems arising from the widespread 
use of welded construction for ships’ 
hulls and marine engineering compo- 
nents. Brief references were made to 
methods of inspecting castings, forgings, 
and machinery components. 
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After outlining the requirements for 
satisfactory welded connections and the 
types of defect likely to be encountered, 
the basic principles of four post-weld 
inspection methods were illustrated. 
These included: magnetic crack detec- 
tion and dye penetrants, radiology and 
ultrasonic flaw detection. 

The limited use of each method and 
possible advantage of complementary 
use of two or more methods was 
described in relation to typical weld 
connections in highly stressed structures. 
Maintenance testing for fatigue failures, 
pipe wall thickness, etc., and routine 
examination of castings was also des- 
cribed. 

Replying to questions, Mr. Gibbs 
said that submarine hull structures were 
100% radiographically examined, whilst 
with surface ships such examination was 
made virtually for “‘welder control” 
purposes. He thought that five years as 
a radiographer was fair background 
experience for selection of an operator 
to be trained in the use of the ultrasonic 
flaw detection method of inspection. 

In proposing a vote of thanks Mr. 
E. M. Wilson commended Mr. Gibbs 
on the clarity with which he had 
described the basic principles of each of 
the four post-weld methods of inspection 
mentioning too the excellent series of 
slides shown relating to the occurrence 
of typical weld defects. 


The Branch held its Second Annual 
Dinner at the Angel Hotel, Cardiff, on 
Friday, 24th March, when Mr. D. B. 
Wilson, the Branch Chairman, presided 
over a gathering of about 120 members 
and guests, Mr. J. H. Groocock, Chief 
Engineer of the Steel Company of 
Wales Limited, proposed the toast of 
“The Institute”, to which the response 
was made by Mr. R. G. Braithwaite, 
Past-President of the Institute, in the 
regretted absence of the President on 
account of health. 

The Chairman proposed the toast of 
“The Guests’, to which Mr. A. L. 
Beard, Chief Buyer of the Steei Com- 
pany of Wales Limited, responded on 
behalf of a distinguished company, 
which included Mr. J. Strong, another 
Past-President of the Institute. 


West of Scotland 


On 15th February the Branch was 
addressed by the immediate Past- 
Chairman, Mr. D. B. Kimber, O.B.E., 
on the subject “Some further thoughts 
on shipyard organisation”. In the pre- 
vious session, a paper had been given 
by Mr. Straton describing developments 
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at Messrs. Austin & Pickersgill’s ship- 
yard, and Mr. Kimber expanded the 
theme by discussing the principles and 
limitations governing the design of com- 
pletely new works and the expansion of 
existing yards. With the basic premise 
that shipbuilding is fundamentally the 
same as any other sort of engineering 
construction, it was first essential to 
answer two questions before works lay- 
out could be considered, viz: 
(1) Range of product (e.g., class of ships 
and size) and 
(2) Rate of output (e.g., number of 
ships per year, and from how many 
berths). 

If these questions are answered, the 
rate of workiag can be estimated and 
the shop areas required can be examined 
by: 

(1) Detailed time studies 

(2) Surveying other peoples reorganisa- 
tion, or 

(f) Site layout may limit shop area and 
thus maximum output which can 
be achieved. 

The facilities required were then dis- 
cussed in some detail, both for steelwork 
and fabrication, and also. berth layout, 
illustrated by examples from Conti- 
nental yards (some chosen mainly be- 
cause they were less widely known than 
British examples, but others because 
there were no equivalent layouts in 
Britain). The need for a higher standard 
of material supplied, and cheaper equip- 
ment was thought to be essential if auto- 


matic methods of fabrication were to be ° 


extended, and the adoption of such 
methods would lead to a considerable 
increase in the ratio of design and plan- 
ning staff to ‘shop floor’ personnel. 
Similarly, for effective redesign of a 
shipyard, adequate staff had to be pro- 
vided, free from other responsibilities. 
This stimulating paper was much 
appreciated by the audience, many of 
whom were from the shipbuilding in- 
dustry, and an interesting discussion 
ensued, ranging from Russian achieve- 
ments in applying automatic welding in 
shipyards to provision of material- 
handling facilities, and whether ship 
design should be governed by fabrica- 
tion methods or vice-versa. A vote of 
thanks, proposed by Mr. R. Walker, 
was heartily supported by all present. 
H.H.M. 


Austenitic—Ferritic 


[Wolverhampton J Joints 


Well over 50 members and guests 
crowded into the Old Wulfrunian’s Club 
room to hear an interesting talk by Mr. 
F. S. Dickinson, on an aspect of welded 
fabrication which has seldom hit the 
headlines, but which has nevertheless 
been the subject of a tremendous re- 
search effort. Joints between austenitic 
and ferritic steels occur in such applica- 
tions as high pressure steam piping or 
where a steel supporting structure is 
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welded to a chemical vessel. Mr. Dickin- 

son said that the main problems arose 

from: 

(1) Metallurgical factors in making the 
joint 

(2) The effect of differential expansion 
under cyclic loading conditions 

(3) Preferential corrosion from atmos- 
pheric oxygen in the presence of a 
stress concentration. 

With the aid of a modified Schaeffler 
diagram he showed that in the case of 
butt joints welded by the manual metal- 
arc process (having a dilution of about 
35%) a 25/20 Ni-Cr electrode would 
give an effective buttering layer having 
a composition of approximately 20/15. 
If an 18/8 electrode was used the result- 
ant weld metal might fall into the mar- 
tensitic region with a tendency to crack- 
ing but this could be prevented by using 
an 18/8 electrode containing about 3% 
Mo giving a weld metal ferritic content 
of 15-20%. The use of stabilised elec- 
trodes helps to prevent migration of 
carbon from the ferritic to the austenitic 
steel. 

Mr. Dickinson described a number of 
interesting methods of reducing the 
effects of differential expansion. One 
method is to choose a weld metal having 
a coefficient of expansion approximately 
halfway between those of the adjacent 
materials. Alternatively, a transition 
piece may be incorporated so that the 
differential stresses arising in each joint 
are approximately half those obtained 
in a direct joint. In each of these cases, 
it is necessary to use a niobium-stabilised 
steel to prevent carbon migration. 
Various techniques for welding a 2}/1 
Cr—Mo pipe to an 18/8 Cr—Ni pipe were 
described in detail, the most favoured 
method being to make use of a buttering 
layer before completing the joint. Mr. 
Dickinson also showed slides of a 
number of forged and extruded scarfed 
joints in which a nickel interface served 
the dual function of preventing carbon 
migration and helping to obtain a sound 
bond. Unfortunately, such joints were 
invariably extremely expensive. 

Research work carried out to deter- 
mine the effect of thermal cycling of 
various joints was then described. Some 
of the interesting results obtained are as 
follows: 

(1) The time for which the joints were 
held at the peak temperature was 
critical in the range 550-650°C. For 
example, where the joint was held 
at 600°C. for 10 min in each cycle 
the expected life of the joint was 9 
times that obtained when the joint 
was held at 600°C. for 20 hr in each 
cycle. Cracking occurred much 
more quickly at 650°C. than at 
550°C. and also particularly in the 
presence of a small amount of 
oxygen 

— relief gave no increase in joint 
life 

(3) In the absence of thermal cycling 
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a very long life without cracking 
was obtained. 

Mr. Dickinson concluded on a hu- 
morous note when he recalled that all 
the work of the designer, metallurgist, 
and welding engineer could be brought 
to nought if an elaborately prepared and 
costly shop-produced transition piece 
was sent to site and then welded into the 
pipe system back to front. 

In opening the discussion, Mr. S. H. 
Griffiths, who had been welcomed back 
by our Chairman after his recent illness, 
mentioned that thermal cycling tests 
carried out on joints in 4 in. bore pipe 
had been taken to 10,000 cycles without 
failure. Mr. Dickinson agreed that fail- 
ures usually occurred in the larger dia- 
meter heavy walled pipes where differ- 
ential stresses were rather higher. Mr. 
Griffiths also spoke of a new electrode 
mentioned by Mr. Dickinson. Whilst 
this had improved welding properties 
he felt that the high Mn content might 
impair the corrosion resistance of the 
deposit. 

Mr. A. Clements spoke of the benefits 
which arose from the elimination of the 
backing ring recommended by the 
speaker, who agreed that where suitably 
skilled welders were available consider- 
able economic advantages were appa- 
rent. In response to a question from the 
chair, Mr. Dickinson reminded the 
audience that his figures for dilution 
referred to manual metal-arc welding. 
In the case of automatic welding, dilu- 
tion could be in the range 50-60%. 

In proposing a hearty vote of thanks, 
which was seconded by Mr. H. C. 
Wheeler, Mr. J. S. Allen thanked the 
speaker for dealing with a metallurgical 
subject in such a lucid way that engin- 
eers could understand it. However, he 
still felt that there was a strong case for 
flanged and bolted joints! 

B.K.B. 


INTERNATIONAL INSTITUTE 
OF WELDING 


New Vice-President 


At its meeting on 18th April, the 
Governing Council of IIW_ elected 
Professor J. Cabelka (Czechoslovakia) 
Vice-President of the _ International 
Institute, in succession to Professor 
H. Kihara (Japan). 


1961 Annual Assembly — U. K. 
Delegation 


A brief report on the Assembly is 
given on p. 36s of this issue (/nternational 
Welding ). 

Though the British Delegation was 
only about half as numerous as usual, 
the United Kingdom was represented 
on all fifteen Commissions. As usual, 
Mr Robert Jenkins led the Delegation 
and together with Dr. R. Weck and 
Mr. G. Parsloe, represented the U.K. 
on the Governing Council. 
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H.M.S. Dreadnought 


Over one million Murex electrodes of the “ Fortrex” type were used for the 
welding of the Dreadnought, Britain’s first nuclear submarine. These electrodes 
were specially developed in the Murex laboratories for the Admiralty and they 
were the only electrodes used for the manual arc welding on this great new 
submarine which is the largest ever to be built in Great Britain. The Dreadnought 
has been constructed for the Admiralty by Vickers-Armstrongs (Shipbuilders) 
Ltd., at Barrow-in-Furness, and she marks a new phase in the long and 
distinguished history of the Royal Navy. 
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Twenty “off-the-shelf” models 
_ traversing — prompt delivery. 
~ Full range from 3 tons to 50 tons. 


stationary and 


>< Construction embodying standard interchange- 


able assemblies permits later 
stationary to traversing units, 
extra units to increase capacity. 
Distance between roll frames, on both fixed and 
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traversing units, can be adjusted to provide 
clearance for manholes or pipe connections on 
vessels being rotated. 

Infinitely variable speed ranges in 10:1 ratio 
(normally 6 in to 60 in per minute) 


< Tachometer for speed indication fitted as stan- 
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itility is the great point about BOC Roller Beds. 


dard. 
Preset protection against overload for drive gear. 


Couple them with the BOC Ram Type 


you widen the scope of production to include the circumferential and longitudinal 


welding of cylindrical vessels. Reduce setting-up times and increase output. Let us demonstrate. 


COMM an BRITISH OXYGEN COMPANY 


Electric Welding Department, Quasi-Arc Works, Bilston, Staffs. Telephone: Bilston 41191 
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Among those who lectured at the 
metings ef the American Welding 
Scciety were: 

yr. A. A. Wells on “‘ The influence of 

esidual stresses and metallurgical 

hanges on low-stress brittle fractures 

n welding steel plates’, and Dr. W. 

3. Carlson on “Pressure vessel design 

equirements in the future’’. 


NEWS FROM INDUSTRY 


W ding plants for trainees 


“he hire service to industry of Rent- 
we'd Ltd. has been extended to include 
m. tched pairs of welding transformers 
fo use in concerns that operate their 
ov n welders’ training departments. 

“he pair consists of one 180-amp 
m: chine with two output ranges, each 
co :trolled by the same regular handle. 
Oi e is divided into 10 steps of 10 amp 
fo the novice, and the other is equipped 
wih a fine regulator for the more 
pr ‘ficient welder. 
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ver plant merger 


‘he General Electric Co. Ltd. and 
Ri:hardsons, Westgarth & Co. Ltd. 
an iounce that they have decided to 
po»l their resources for the design, 
de elopment, sales, and manufacture of 
he vy electricity generating and indus- 
tril power plant. The object of this 
ariangement is to secure an increase in 
their share of the home and export 
markets and at the same time to make 
the maximum possible use of their com- 
bined technical resources and produc- 
tion facilities. 


Join Thompson reorganisation 


John Thompson Industrial Construc- 
tions Ltd. (“Induscon”’), a member of 
the John Thompson Group of Compa- 
nies, has taken over the administration 
of the John Thompson Conveyor Com- 
pany Ltd. Mr. A. T. Shaw, Managing 
Director of “‘Induscon”’ will now direct 
the activities of the John Thompson 
Conveyor Company. 

Before this reorganisation the Con- 
veyor Company was regarded as a 
department of the John Thompson 
(Wolverhampton) Ltd., which, in turn, 
is a wholly owned subsidiary of John 
Thompson Ltd. “Induscon”, also a 
subsidiary of John Thompson Ltd., has 
its head office at Tavistock House East, 
Woburn Walk, Tavistock Square, Lon- 
dc n, W.C.1. ° 

The change is purely an administra- 
tive one, and the existing premises of 
the John’ Thompson Conveyor Com- 
pony at Manor Road, Ettingshall, 
Wolverhampton, will continue for all 
project, contract, and engineering work. 
-oinciding with the reorganisation is 
‘ appointment as manager of the 
nveyor Company of Mr. R. T. 
>Gregor, who also continues as sales 
gineer of “*Induscon”’. 
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NEWS AND ANNOUNCEMENTS 


Oldest profiling machine 


Hancock & Co. (Engineers) Ltd., 
pioneers in the manufacture of oxygen 
cutting and profiling machinery, in- 
augurated a competition at the Engi- 
neering, Marine, Welding and Nuclear 
Energy Exhibition to find the oldest 
Hancock profiling machine in the world. 
Its owner will be presented with a new 
OI U-arm profiling machine, and the 
winning machine is to be given to the 
Museum of Science and Industry at 
Birmingham. 

The closing date for entries is 3lst 
August, 1961. The new profiling machine 
will be presented to the winner at the 
Hancock factory in Croydon on 29th 
September, 1961, and the presentation 
to the Birmingham Museum will take 
place shortly afterwards. 

Firms wishing to compete are asked 
to write to the manufacturers who will 
send their representatives to inspect the 
entered machines. 


NEW PLANT AND EQUIPMENT 


Submerged-arc welder 


A mechanised submerged-arc ‘squirt’ 
welder, manufactured by the Lincoln 
Electric Co. of Cleveland, Ohio, is being 
marketed in Britain by Armco Limited, 
London. 

In this versatile semi-automatic unit 
wire and flux are continuously fed to 
the welding gun from the flux container 
and reel mounted on the unit. The gun 
is traversed automatically at variable 
speeds up to 70 in./min by a small motor 
mounted on the gun itself. 

The ‘Idealarc’ ML-3 enables a welding 
operator to carry out butt and fillet 
welding on plate thicknesses from } in. 
to the largest sections normaily fabri- 
cated. 


Continuous-duty electrode holders 


Long periods of welding with {3 in. 
electrodes at 600 amp creates serious 
discomfort for the operator unless the 
electrode holder is designed especially 
to give adequate heat dissipation from 
the handle. 

Two new holders have recently been 
marketed in Britain for use at high 





currents. The Interlas Terrier 600 Spe- 
cial feeds the welding cable direct to the 
electrode grip and has a separate metal- 
shielded handle. The Courtburn ‘Air 
Insulated’ holder, on the other hand, 
incorporates heat-resistant distance 
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pieces to separate the handle from the 
inner cable and its connection to the 
electrode grip. 


Welded beam connections 


Saxe welded connection units, used 
for several years in the U.S.A. for pro- 
viding positive location of beams on 
site, are now being marketed in Britain 
by King Aircraft Corporation (K.A.C. 
Ltd.) of Glasgow. 


| 
| 
4 
4 


Saxe fittings eliminate the need for 
temporary bolting of beams to girders 
or columns and provide secure support 
until welding is completed. Seatings are 
tested to 50,000 Ib and both web clips 
and seatings are self-locking. The fittings 
have forged-in centrelines. 


Aluminium for shipbuilding 


Alcan Industries Ltd., formerly Nor- 
thern Aluminium Co. Ltd., have re- 
cently put on the market an improved 
Al-Mg alloy, Noral D54S, which is now 
offered as a standard material for both 
plates and sections for structural use to 
the requirements of Lloyd’s Register of 
Shipping. 

Although, in the past, plate material 
to NPS5/6 specification has met the mini- 
mum mechanical properties laid down 
by Lloyd’s Register for aluminium 
structural alloys it has been necessary 
to supply extruded sections to the NE6 
specification in order to guarantee these 
properties. Noral DS4S, with a nominal 
composition of 44°,Mg, }°%Mn, and 
4%Cr, will meet Lloyd’s requirements 
both in the plate and extruded forms. 
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This applies in the annealed (O) condi- 
tion as well as the ‘as manufactured’ (M) 
condition, leading to the further advan- 
tage that the properties after welding do 
not fall below the minimum properties 
specified for the material as supplied. 
Noral D54S, which is generally simi- 
lar to the American alloy AA5083, falls 
within the range of chemica! composi- 
tion covered by the NP5/6 plate specifi- 
cation but is not yet covered by a British 
Standard for extruded sections. 


New nickel steels 


A new 18% nickel alloy steel with 
unmatched toughness at the highest 
strength levels of traditional alloy steels 
has been developed by The International 
Nickel Company, Inc. 

It is claimed to be the only known 
material which has the ability to achieve 
a yield strength in excess of 250,000 
lb/sq.in. while maintaining a nil-ductility 
temperature below —80°F. Another 
outstanding characteristic of 18% nickel 
steel is its excellent notch tensile strength 
which exceeds 400,000 Ib/sq.in. (mea- 
sured under the most. severe test condi- 
tions with a notch radius of 0-0005 in.) 
Tests have shown that this new alloy 
possesses a remarkable resistance to 
delayed cracking when exposed to a 
severe corrosive atmosphere in a highly 
stressed condition. 

The new steel develops its high 
strength, ductility, and toughness by 
means of an easy heat-treatment involv- 
ing age-hardening of martensite. This 
treatment has been given the abbreviated 
description of ‘mar-ageing’. 

The new steel has a nominal composi- 
tion of 18% Ni, 7% Co, 5% Mo, 
<0°5% Ti with a maximum of 0-05% 
carbon. Higher and _ lower tensile 
strength can be obtained by modifica- 
tion of this basic composition. 

The 18% nickel steel can be readily 
welded by either manual or automatic 
methods. Sound, crack-free welds are 
achieved, even on material in the fully- 
heat-treated condition, without pre- 
heating. Post-weld mar-ageing restores 
the softened heat-affected zone of the 
parent plate to full strength and estab- 
lishes in the weld metal properties 
closely approaching those of the base 
plate. 


Capacitor discharge stud welding 


A recently formed company, K.S.M. 
Stud Welding Ltd., of Old Woking, 
Surrey, a subsidiary of the American 
company of the same name, is now 
producing all-British manufactured stud 
welding equipment. 

Many welding operations require 
large quantities of current to be dis- 
charged in a brief period of time, and 
this is generally true of stud welding. 
The consequent high load on the power 
supply and the low efficiency have been 
overcome in the K.S.M. equipment by 
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the use of the principle of capacitor 
discharge. 

Power is obtained from a single phase 
13 amp a.c. supply which is then 
rectified and is used to charge a large 
bank of capacitors. The voltage of the 
charge can be selected to suit the welding 
conditions. A specially designed contac- 
tor discharges the capacitors to the 
welding gun and automatically ensures 
their recharging some 10-12 times per 
minute. 








The studs, which can be made in 
various materials and to a wide range of 
shapes, require no ferrule but are formed 
with a small “‘pip” in the centre of the 
head. In the normal manually operated 
gun, the stud is held by spring loading 
with the “pip” just touching the work- 
piece, and on release of the press 
switch it is forced on to the parent 
material at the same time as the “pip” 
is vapourised by the welding current. 
This combined pressure and instanta- 
neous heat forms the weld, which is so 
localised that no distortion or upset 
appears on the reverse side of very thin 
sheet. 

At present the K.S.M. equipment 
will operate on a range of stud diameters 
from 6 B.A. to } in. but in this range 
attachments can be made to much 
thinner plate than is possible with the 
conventional arc-stud welding equip- 
ment. 

The simplicity of the equipment (no 
timing device is needed and stud 
loading is positive and quick) and its 
low initial cost should make it a versa- 
tile tool in any industry, large or small, 
where multiple small attachments are 
needed. 

Where the design includes set patterns 
of attachments a multi-head bench unit 
can be used, with semi-atttomatic con- 
trol. 

This new British company is not only 
able to call upon the resources of its 





American counterpart for information 
and development but the members of ‘ts 
technical staff are acknowledged c«x- 
perts in the field of stud welding, aid 
are able to advise on its applications. 


Universal resistance welder 


A low-capacity vertical sliding he .d 
and air-operated welding machine fr 
spot, projection, and stitch welding, his 
been added to the range of equipme 1t 
supplied by Standard Resistance W:1- 
ders Ltd. 

Three sizes of this design are availat le 
at nominal ratings of 25, 35, and 50 kVA 





at 50% duty cycle, and the low-impe- 
dance transformer is designed to operate 
on 2 phases of a 400/440 V, 50 cycle, 
3-phase supply. 

The welding cycle is controlled by a 
4-stage electronic timer in conjunction 
with an ignitron contactor. Heat is regu- 
lated by a 6-stage off-load rotary switch. 
Maximum electrode pressure can be 
attained with an 80 Ib/sq.in. air supply. 


CORRECTION 


Brittle fracture of steels 


It is regretted that Dr. Tipper’s re- 
port published in the May issue of BU J 
(1961, vol. 8, p. 280) the two groups of 
blocks for Figs. 2-5 and Fi4s. 6-9 have 
been transposed. 

In reading the report the two lines cf 
captions should be reversed. 
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Book Reviews 
Additions to the Institute Library 
Trade Publications 


CONTENTS OF PERIODICALS RECEIVED 


This section is intended to give a survey of the current 
welding literature received by the Institute of Welding 
Library. The contents lists are not exhaustive; only the 
main articles in welding journals are listed, and reprints 
from other journals and short notes are generally exclud- 
ed. In addition, welding articles from other periodicals 
are listed. Abstracts of welding literature are given in 
the Bibliographical Bulletin of Welding and Allied 
Processes, published by the International Institute of 
Welding, and details of this may be obtained from the 
Secretary of the Institute of Welding. 


Welding Journals 


Canadian Welder, 1961, vol. 52, February 
Non-destructive testing of pressure vessels, J. Battema (10-16) 
**Square-butt” welding (20) 

Welding for largest radio transmitter (21) 


ESAB Revue (France), 1960, No. 3-4 
Quality of welds by electro-slag process at different stages of 
the treatment, M. I. Wachtmeister (1-16) 
Gas shielded arc welding, M. Per Sjoman (17-32) 


Journal of the Japan Welding Society, 1961, vol. 30, 
January 
Fundamental studies and industrial practice in cold pressure 
welding. Part 1, T. Saito and K. Yamazi (3-10) 
Impressions of Europe, 1, M. Inagaki (11-22) 
Welding conditions of CO,—O, shielded arc welding. Report 1. 
Relation between welding conditions and oscillogram of arc, 
H. Sekiguchi and I. Masumoto (23-29) 
The shear fatigue strength of welded beams, Y. Tada and 
others (30-43) 


Study on the phenomena of inert gas metal arc welding by high 
speed motion pictures. Report 5. CO,-O, shielded arc 
welding, I. Ukita and others (44-48) 

Study on stress corrosion cracking of austenitic stainless steels 
Report 1, M. Watanabe and others (49-53) 

Stud welding of steel pipe to steel plate at right angles, I. 
Otsuka (54-58) 

Study of a powerful spot welder which is tentatively made by 
using electrolytic condenser to store and discharge energy, 
I. Otsuka and T. Hatsusiba (59-63) 
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Lastechniek (Netherlands), 1961, vol. 27, No. 3L, 
March 


Impact and explosion tests on welded tanks, C. Vollers (44-51) 


(Philips) Welding News (Holland), 1960, No. 116, 
November—December 


—— arc welding with coated electrodes, W. Moerman 
(2-9) 


Welding of steel anchor bars for sluice gates of the spillway in 
the Dam of Barcena, Spain, J. Callejo (10-12) 


Use and misuse of automatic welding machines in shipbuilding 
and ship repairing yards, A. A. Barbosa (14-17) 


(Philips) Welding News (Holland), 1961, No. 117, 
January 


Manual arc welding with coated electrodes. Part 2, W. 
Moerman (2-6) 


Enclosed welding of shafts to steel discs, J. Callejo (7) 
Deep penetration electrodes, B. Zouthberg (9-11) 


Revue L’ Air Liquide (France), 1960, vol. 8, Winter 
Mass fabrication of trailers in stainless steel (9-16) 


An automatic machine for oxyacetylene welding of tubes for 
electrical installations (19-24) 


Schweisstechnik (Austria), 1961, vol. 15, No. 1, Jan- 

uary 
Choice of current for automatic welding, Ing. Tajbl (1-5) 
Raising welding output of autogenous welding (of sheet metal), 
H. H. Reinsch (5-8) 

Schweisstechnik (Austria), 1961, vol. 15, No. 3, March 
Current for resistance welding, H. Moditz (25-33) 


Schweisstechnik Soudure (Switzerland), 1961, vol. 51, 
February 

Aluminium in construction work (34-39) 

Lead poisoning and its prevention (40-41) 


Soudage et Techniques Connexes (France), 1961, 
vol. 15, January—February 


Calculation of the thermal processes of welding, N. N. Rykaline 
(5-38) 

Recommended practices concerning radiographic image 
quality indicators (1.Q.I.), International Institute of Welding 
Commission V (39-42) 

Study trip to Germany of the 29th Year of the E.S.S.A. (55- 
69) 
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South African Institution of Welding Monthly Bulletin, 
1961, No. 91, February 


How weldable is S.G. iron? (2-6) 


Welding Bulletin (New Zealand), 1960, No. C.34, 
December 

Forestry is forever (2-10) 

Precision by the ton (14—16) 


Welding Engineer (U.S.A.), 1961, vol. 46, February 
Oxygen, its production, distribution and uses (25-27) 


Economical oxygen distribution, storage a must as demands 
soar, G. Cannizzo (28-30) 


Oxygen pressure reducing regulators, H. A. Goodwin (34-37) 
Diffusion bonding, brazing join copper parts (46) 
Vapor shielding process cuts welding time (54) 


Welding Journal (U.S.A.), 1961, vol. 40, March 
Nondestructive testing is key to future of welding quality 
control, G. J. Gibson (225-228) 


Metallizing nickel powder involves vacuum blasting to prepare 
steel before surfacing with metal-spray gun, W. B. Keyser 
(229-231) 

Vacuum melting produces cleaner, better performing high- 
temperature brazing alloys, C. R. Benson (232-236) 

Today's industrial role of magnetic-flux gas-shielded arc 
welding, R. T. Telford (237-243) 

Lathe redesign in welded steel achieves cleaner lines and lower 
cost, E. Duesing (244-248) 

Some factors affecting the notch toughness of steel weld metal, 
K. E. Dorschu and R. D. Stout (97s—105s) 


Properties of mild steel weld metal not revealed by the All- 
Weld-Metal tensile test, K. Winterton (106s—109s) 


Evaluating crack-resistant electrodes for welding HY80, 
S. lL. Roberts (110s—112s) 


Notched longitudinal-bend specimens for evaluating armor 
weldments, S. M. Silverstein, R. P. Sopher and P. J. Rieppel 
(113s—117s) 


Brazing of beryllium for high-temperature service, S. R. 
Maloof and J. B. Cohen (118s—122s) 


Recent progress in development of self-fluxing, air 
brazing alloys, N. Bredzs and H. Schwartzbart (123s—129s) 


Use of the centre notch-tensile test to evaluate rocket-chamber 
materials, J. J. Warga (130s—134s) 


Catastrophic fracture caused by ductile-to-brittle transition 
under residual stress, W. N. Platte (135s—137s) 


Theory of brittle crack initiation and propagation—a theoretical 
analysis of ESSO test, Y. Akita and K. Ikeda (138s—144s) 


Welding News (Australia), 1961, Folio 105, February 
Handigas—processes and procedures (2-7) 
Porosity control in submerged arc welds, R. A. Stringer (15- 
18) ; 
Low hydrogen electrodes make critical repair (19) 
Simple joints in copper tubing (20-21) 
Weld estimating data (22) 


Zvaranie (Czechoslovakia), 1961, vol. 10, January 


Fatigue strength of welded motor car disk wheels, O. Izdinsky 
(3-5) 

Welding of 5°,, Cr molybdenum or tungsten conditioned steels, 
V. Pilous (5-9) 

Resistance welding of steam boiler tube systems, J. Vintr 
(10-14) 

Vacuum brazing, V. Horacek (14-17) 

Automatic under-flux welding of austenitic alloy steels, A. 
Missikewitsch (18-20) 


Zvaranie (Czechoslovakia), 1961, vol. 10, February 


Weldability tests on gas-welded thin steel sheets, M. Basista 
(34-37) 


Quality control of resistance welded joints in thin sheets, 
M. Lipa (37-42) 


Under-flux welding of aluminium, J. Vana (42-46) 
Exploitation of scrap from circular oxygen cutting in main- 
tenance and repair service, J. Vodera (47-48) 


Other Journals 


Titanium sheet forming, A. T. Carse and W. T. Ardis (Metal 
Industry, 1961, vol. 98, 17 February, pp. 131-132) 

An unusual construction method in steel, J. R. Lowe (Building 
with Steel, 1961, vol. 1, No. 5, pp. 30-32) 

The welding of aluminized steel sheet, T. M. Molossi and J. H. 
Nicholls (Sheet Metal Industries, 1961, vol. 38, February, 
pp. 95-98) 

Stellite powder welding for hardfacing (Machine Shop Maga- 
zine, 1961, vol. 22, February, p. 105) 

A note on brittle fracture initiation in ‘mild steel by prior 
compressive pre-strain, C. E. Turner (Journal of the Iron and 
Steel Institute, 1961, vol. 197, February, pp. 131-135) 

The bead impact test for investigating the behaviour of welded 
steel, W. Radeker (Stahl und Eisen (Germany), 1961, vol. 81, 
16 February, pp. 228-234) 

Gas-shielded welding (Australian Mechanical Engineering, 
1960, vol. 48, 5 December, pp. 46-47) 

Will welded surface plates kill a cast iron tradition? A. H. 
Kleinsorge (Canadian Machinery and Metalworking, 1961, 
vol. 72, January, pp. 87-90) 

Short bursts give high weld current, low surge (Canadian 
Machinery and Metalworking, 1961, vol. 72, January, p. 96) 
Welded titanium tubing curbs corrosive attack of acids (/ron 
Age (U.S.A.), 1961, vol. 187, January 12, pp. 68-69) 
Computer controlled plate cutting (Shipbuilder and Marine 
Engine Builder, 1961, vol. 68, February, pp. 104-105) 

New construction makes use of automatic welding (Canadian 
Machinery and Metalworking, 1961, vol. 72, February, p. 122) 
Plasma torch finds uses in many industrial fields, J. A. Brown- 
ing and G. A. Klasson (Canadian Machinery and Metal- 
working, 1961, vol. 72, February, pp. 124-135) 

Ductile vanadium: techniques that make fabrication easier, 
T. W. Merrill (Jron Age (U.S.A.), 1961, vol. 187, 9 February, 
pp. 110-112) 

Stack cutting (Loosco Lascourant (Holland), 1961, vol. 24, 
February, pp. 1889-1900) 

Arc welding equipment, Part 3, J. Latimer (New Zealand 
Engineering, 1960, vol. 15, December, pp. 456-458) 

Are welding equipment. Part 5, J. Latimer (New Zealand 
Engineering, 1961, vol. 16, February, pp. 67-72) 

Assembly of hydraulic pit props (Machine Shop Magazine, 
1961, vol. 22, April, pp. 186-196) 

New use for perforated metal (Stee/ (U.S.A.), 1961, vol. 148, 
March 6, p. 74) 

Electron beam welds pay off for bellowsmaker (Sree/ (U.S.A.), 
1961, vol. 148, March 6, pp. 78-79) 

Design implications of creep in pressurized cylindrical shells, 
I. Rattinger and J. Padlog (Aerospace Engineering (U.S.A.), 
1961, vol. 20, March, pp. 26-27; 97-107) 

Production procedures at the Beacon Works of John Thomp- 
son Motor Pressings Ltd. Fabricating the Austin Healey 
“Sprite” underbody, Part 2 (Sheet Metal Industries, 1961, 
vol. 38, March, pp. 162-170) 


Hull weight estimation, R. Munro-Smith (Shipbuilder and 


Marine Engine Builder, 1961, vol. 68, March, pp. 158-163) 
Fuel elements for civil reactors, L. Grainger (Nuclear Engin- 
eering, 1961, vol. 6, March, pp. 102-111) 

Brittle fracture and reactor pressure circuits, R. B. Kehoe 
and R. W. Nichols ( Nuclear Engineering, 1961, vol. 6, March, 
pp. 112-116) 

Electron beam welder cuts metal (Stee/ (U.S.A.), 1961, vol. 
148, February 20, pp. 68) 
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The recently launched 48,500 ton, S.S. Kent, was 
built to the highest classification for petroleum- 
carrying vessels, by John Brown&Co. (Clydebank) 
Ltd., for the Federal Steam Navigation Co. Ltd. 
ACTARC ‘“‘MONARC”" Electrodes were used 
throughout on all principal welded sections. Easy 
weldability and sound mechanical and physical 
properties proved them ideal for welding on-site 
and in fabricating shops. 


ARC MANUFACTURING Co. Ltd, Actarc Works, Nitshill, Glasgow SW3 


Telephone: BARRHEAD 2293, Telegrams: ACTIVARC, GLASGOW. 
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—the 
ROCKWELD 


MARK II 





Iilustrating Wire Cross-section 
The Comet at 600 amps. provides the highest productivity of any COp semi-automatic 
on the market, a low hydrogen deposit and no porosity, even on heavily rusted plate. 
The very high currents are made possible by the special flux-intercalated-wire which 
provides an even distribution of flux over the cross-section of the wire, which in turn 
gives droplet protection during transfer across the arc. The Comet Mark Il can 
utilise existing AC/DC power packs. 


Full technical data on request from 


ROCKWELD LTD., COMMERCE WAY, CROYDON, SURREY. TEL: CROYDON 7161 (5 lines) 
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Wiggin High-Ricke! Aioys 


This handbook is essential 





To: Henry Wiggin & Company Limited, Wiggin Street, Birmingham 16 
Please send me without charge a copy of your new publication :— 


‘WELDING, BRAZING AND SOLDERING OF WIGGIN 


This new 86-page publication provides you with the HIGH-NICKEL ALLOYS’ 


most up-to-date data for guidance in joining Wiggin 
High-Nickel Alloys:—Oxy-acetylene, Metal-arc, NAME 
Argon-arc, Resistance and Flash-butt welding. It 
also contains sections dealing with the welding of 
dissimilar metals and on the lining of vessels. 





APPOINTMENT OR DEPT. 





COMPANY AND ADDRESS. 





BW /M33/6 














ae HENRY WIGGIN & COMPANY LIMITED, WIGGIN STREET, BIRMINGHAM 16 


TGA M33A 
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NEW “AIR COOLED” 
ELECTRODE HOLDER 


for continuous welding 


Specially designed and developed to combat heat 
generated during welding operations at high duty cycles, 
the Courtburn “Special’’ 600 amp electrode holder is 
the most advanced holder of its type available. 
The heat generated by the current passing through the 
cable is dissipated by an insulating barrier of air 
circulating round it. This enables the operator to 
maintain continuous welding without suffering dis- 
comfort. 

* The “Special” provides greater efficiency plus economy. 

Price £3 15s. Od. 
Tried and tested Courtburn standard models are also 
available from stock as follows :— 
CS 400 and CT 400—400 amp capacity £2 7s. 6d. each. 
CS 600 and CT 600—600 amp capacity £2 15s. Od. each. 
Ask for free trial. It pays to buy Courtburn Quality. 
COURTBURN SUPPLIES LTD 
Stanley Works, Kempston Hardwick, Bedford 
Tel.: KEMpston 2341 








This Radiation Monitoring Film and special Film Holder 

should be worn by all persons using X-ray or Radio- 

active materials, since it records the amount of ‘dosage’ 
received by them during the course of their duties. 


Ask for a representative to call or send for the booklet 
describing the service 





RADIATION MONITORING SERVICE 


LODGE ROAD . WEST CROYDON . SURREY 
Thornton Heath 8206 














JACW/E/1 





Our illustration shows a 
10,000 gallon storage 
vessel 


W. P. BUTTERFIELD 

(Engineers) LTD. 

P.O. Box 38 - SHIPLEY - YORKS. 
Telephone: 52244 (8 lines) 


BRANCHES: 


London Tel: 
Holborn 2455 (4 lines) 


Birmingham Tel: 
EAS 0871 and EAS 2241 


Bristol Tel: 
27905 


Liverpool Tel: 
CENtral 0829 


Glasgow Tel: 
CENtral 7696 


Belfast N.! Tel: 
57419 and 51957 


Dublin Tel: 
73475 and 79745 


Approved Lloyd's Class 1 
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Welding 


according to 


Butterfield 


makes the whole as strong 





as the part and ensures 

impeccable finish to the weld itself, 
inside and out, to take a 

mirror polish if needed. 
Butterfields apply this 

top level of welding 


to all equipment for | 


industrial experts in the weld- 
ing of Aluminium, | 


storage Aluminium Bronze | 
and handlin Alloy, Mild Steel, 

8 Nickel, Nickel Alloys | 
purposes. and Stainless Steel. | 


For ease of reference relating 
to this advertisement 
please quote B/W /}/6 


is by either the Argon- | 
Arc or Argonaut 
methods. 


SA henstasditlaen ll 
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| Welding of Aluminium 
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“TAKE MY TIP— 
USE 
SIFBRONZE 
EQUIPMENT!” ooviccvus 














“DEMON” BLOWPIPES:— SIF-COMB! PROFILE CUTTING MACHINE 

General Duty and Cutting Modcls. An automatic dual-purpose machine for all kinds of 
cutting work. 
SIFBRONZE REGULATORS 

SIF-COLIBRI CUTTING MACHINE Modern precision instruments giving constant pressure 

The clockwork machine which turns a hand cutter into ont vena. 

a precision machine cutter. Ideal for flame cutting on SIFBRONZE CATSEYE GOGGLES 

site. The most advanced type on the market. 

If you want to know SUFFOLK IRON FOUNDRY [1920] Ltd., Stowmarket, Suffolk. 

how Sifbronze equipment Please send me leaflets detailing Sifbronze equipment. 

can help you, — 

fill in the coupon eames 

right away. BwHcn 





In adding the Cycle Counter to the HED 
range of instrumentation, the same basic 
principle of using an air cored Toroid or 
Search Coil has been applied. As no direct 
connections to the welding machine are 
necessary, many machines may be tested, 
in rapid progression, without being shut 
7 down, in order to connect the Cycle 

Introduce <==: 
Phase shifted wave forms can be counted 
without any readjustment to the instru- 

a further == 

The HED Current Meter and 
. Cycle Counter, using the same 
ad van ce | n the Toroid or Search Coil, have been 


combined into one case to assist 
the Welding Engineer in the 


INStFUMENtAtlON 7 a9 acre sexing vo 


machines. 


of resistance The Cycle Counter and the Current Meter are available as separate instruments. 
weldin g... COMBINED CYCLE COUNTER & CURRENT METER 


Further details available on request. 
HIRST ELECTRONIC LTD GATWICK ROAD, CRAWLEY, SUSSEX. CRAwley 2572/-2-3 
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BRAUER ‘Quick-Action’ TOGGLE CLAMPS 


for the Electronics Industry can be made in 
special Non-Ferrous Non-Magnetic materials. 
Wherever used, BRAUER TOGGLE CLAMPS 
save thousands of man hours with their fast, 
powerful and accurate holding. 





BRAZING 
The illustration shows a 
BRAUER ‘Quick-Action’ 
TOGGLE CLAMP Type 
TC.62 being used to meet the re- 
quirements of efficient induction 
brazing — quick positive clamp- 
ing and instant releasing — at 
Radio Heaters Ltd., Wokingham. 

This brazing fixture incorporating a BRAUER Clamp has 
achieved considerable saving of time and money in the pro- 
duction of meter cases (see inset photograph). 


Send now for illustrated catalogue and 
technical data to Dept. 28. 
F. BRAUER LTD., HARPENDEN, HERTS. 
Teleph : Harpenden 3603/4 
Member of the Cope Allman Group 
Makers of Europe’s largest range of Toggle Clamps 
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BRISTOL 


) 
i Nigela-ini 





SENIOR 

PRODUCTION 
WELDING ) 
ENGINEER | 


Bristol Aircraft Limited’s increased 
commitments within the British Air- 
craft Corporation have created a new 
position of Senior Production Welding 
Engineer who will be required to:- 





1 direct the activities of planning engin- 
eers in the introduction of new welding 
processes and techniques, organising 
such specialist training as may be re- 
quired. Z 


2 advise the Jig and Tool Design Office on 
the jigging methods and equipment 
necessary. 


3 participate, with other technical depart- 
ments, in formulating their programmes 
of research and development work on 
such processes and evolve the appro- 
priate documentation for workshop 
control. 


4 undertake full investigation into any 
Corporation welding processes which 
may be introduced into the Company’s 
production departments (including plant 
and equipment necessary). 


The man required would probably be an 
engineering or metallurgical graduate, aged 
28—35, who has specialised in welding or 
production engineering, preferably with a 
professional qualification. A wide and up to 
date knowledge of welding methods in 
industry is essential, experience in a Welding 
Research Establishment being an additional 
advantage. 

An attractive salary will be paid according to 
qualifications and experience. Removal ex- 
penses, settling-in allowance and assistance 
with house purchase may be given to married 
applicants. 


Please write giving full details to:- 
J. RAIMES, ROOM AIR/220/3, r 
BRISTOL AIRCRAFT LIMITED, | 
FILTON HOUSE, BRISTOL. 
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cleans 
STAINLESS STEEL WELDS 


efficiently, safely, economically 





TRIAL SIZE BOTTLE 6/6 post free 


NORTH HILL PLASTICS LIMITED 
Manley Court, London N.16. STA 3773 














MOORE’S PLANT LTD. 
105-129, MARKFIELD ROAD TOTTENHAM LONDON N.15 


RING TOTTENHAM 0401 
dm M0107// 








BRAND NEW OIL-IMMERSED 
OXFORD ARC WELDING 
TRANSFORMERS WILL GIVE 
YOU A LIFETIME OF SERVICE 


Fully guaranteed sets—110 amp £27, 180 
amp £48, 250 amp £75, 300 amp £89 10s., 
350 amp £105, 450 amp £138 10s. etc. 
Also two-operator 180, 250, 300 and 350 
amp models ex stock from £110. Will 
parallel for double output. 
Combined welding and brazing sets also 
available at £29 10s. 
Send for leaflets and booklet from Britain’s 
largest electric welding plant stockist. 


Cc. G. & W. YOUNG, 
15SA COLNE ROAD, TWICKENHAM, 
POP. 5168 








WELDING Engine driven D/C 
EQUIPMENT J serersors wv 12:00 


amps, single and 
for double operator also 
transformers. 


IMMEDIATE J ostvery ane 
HIRE = 


WELDING RODS LTD. 
Brightside House, Sheffield 9 
Telephone: 42494 Grams: “‘Weldrod’’ 














10 ft x? in. CRAIG & DONALD PRESS 
BRAKE for sale. Pressure 400 tons. All 
steel construction. Model 400/10. Motor- 
ised with 50 h.p. motor suitable for 400/3/50 
F. J. Edwards Limited, 359 Euston Road, 
London, N.W.1, Euston 5000, or 41 Water 
Street, Birmingham 3, Central 7606. 


SERVICES OFFERED 


FACTORY TIME RECORDERS. Rental 
service. Phone: Hop 2239. Time Recorder 
Supply and Maintenance Co. Ltd., 157- 
159 Borough High Street, London S.E.1. 
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“ENGLISH ELECTRIC’ 


offer from 


STOCK 


LWAD 300, 450 & 600 sets 
giving either AC or DC output, 
LWD 350 DC rectifier sets, 

LWC 200, 300, 450 & 600 

single-operator sets, 

LWE 2/300 double-operator sets, 
and a full range of 
MULTI-OPERATOR EQUIPMENT 
In-built power factor correction 
capacitors available. 

Hire of equipment can also be arranged. 


The oO ELECTRIC Company Ltp. 
‘elding Equipment Department 
East toneaie Road, iivomecl, 10 
Telephone: AINtree 3641 








Complete range, 
30-600 amps 


DIESEL 


WELDING PLANT 


WELDING 
INDUSTRIES L™ 


Blackswarth Road, Bristol 5. Phone 58408 














17-ROLLER PLATE STRAIGHTEN- 

ING OR PROCESSOR LEVELLING 

MACHINE BY HEAD WRIGHTSON 
FOR SALE 


For rectifying mild steel sheet having a 

yield point not exceeding 20 tons p.s.i. 

in widths up to 96 in. and up to 16 

s.w.g. Two brushes and two paraffin 

sprays. 57 backing-up rollers. Motor 

drive, 50 h.p. 400/440/3/50. Weight 

about 20 tons. Floor space 18 ft x 9 ft. 

F. J. EDWARDS LIMITED 

359 Euston Road, London, N.W.1. 
Euston 5000 

or 41 Water Street, Birmingham 3, 
Central 7606 








For 
SPOT WELDING 
ELECTRODES 
contact 


WYLDE GREEN 
Engineering Co. Ltd. 
146 BIRMINGHAM ROAD 

SUTTON COLDFIELD 

Phone: SUT 1681 P.B.X. 


who have been on the job for 
nearly 20 years. Good deliveries. 
First-class work. Reasonable 
prices. 





Agents for ‘“MALLORY”’ 
Resistance Weld. Products 











Please write Box No. 260. 


INDUSTRIAL RADIOLOGIST 


Age 36, 14 years’ experience in all forms of non-destructive testing and 
inspection techniques in general engineering, requires permanent 
position with an organisation where past experience as an executive 
in a consulting inspection organisation would be considered an asset. 








merged arc welding process. 


salary required to: 





WELDING INSPECTOR REQUIRED 


Applicants must be conversant with electric arc welding procedures and 
inspection techniques. Preferably with some experience of the sub- 


Staff appointment which will involve shift working, i.e. alternating 
days and nights. Good salary, superannuation fund, first class canteen 
facilities and convenient transport from Ipswich and Stowmarket. 

Applications giving full particulars of education, experience and 


The Personnel Officer 
THE BRITISH STEEL PILING Co. LTD 
Zenith Works, Claydon, Suffolk 
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GOODWIN BARSBY & CO. LTD., St. Margarets Ironworks, Leicester require 
additional SKILLED PLATERS owing to the extension of their fabricating shops. ~ 
Applicants must be able to set out and develop from drawings. Good working 
conditions. Sports and canteen facilities available. Generous retirement benefit and 
free life assurance. Applications should be made to the Works Manager. 














The cost of insertion in this column is 
4s. a line, or 40s. per inch depth semi- 
display. 


Box numbers are added for the additional 
charge of 2s. 6d. Replies should be 
addressed to Box.., British Welding 
Journal. 


All matter relating to classified advertise- 
ments should bé addressed to Advertise- 
ment Department, British Welding 
Journal, 54 Princes Gate, Exhibition 
Road, London, S.W.7 


Copy should be sent by 6th of each month 
fpr publication in the following month. 











MANAGER 
MACHINE DIVISION 


A Manager, aged 30-45, is required for our newly established 
Machine Division in West Bromwich. The function of this Division is 
to display, demonstrate and service ESAB machines and to distribute 
stocks of these and OK electrodes. 

Responsibilities will include direction of specialist outside sales 
staff, arranging of demonstrations at the Division, propaganda and 
the control and maintaining of economical stocks. 

The main products are automatic arc welding and electro-slag 
machines and consumables, welding power sources, gas cutting mach- 
ines, crack detectors and welding accessories. 

Organising ability essential, knowledge of the products mentioned 
desirable. Commencing salary by arrangement but not less than 
£2,000 plus commission, car and usual expenses: assistance for moving 
and a non-contributory pension when established. 

This is an outstanding opportunity for a man of judgment and drive. 

Application form, which will be treated as strictly confidential, from 
The Managing Director, ESAB Ltd., Gillingham, Kent. 
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The central laboratories of a large organisation 
invite applications from young qualified men 
with industrial or research experience for the 
above appointment. 


The successful applicant will be expected to 
assist in the expansion of the laboratories and 
initiate new projects, mostly in the field of mild, 
low alloy and stainless steels, although some 
non-ferrous work will be involved. 


The prospects associated with this appoint- 
ment are excellent because of the Company’s 
impending expansion in this field. Starting 
salary will be dependant on qualifications and 
experience and will be in the range £1300- 
£1700 per annum. 


Please write to Box No. WJ 1012 LPE, 
60/62 St. Martins Lane, London, W.C.2. 
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= PHILIPS 


CO, WELDING 
CAN CUT 
COSTS BY 50% 


Study these advantages 


e Investigations show that in many applica- 
tions Philips CO. Welding can cut costs by 
up to 50% 


e Higher deposition rates 


eContinuous wire feed—no stopping to 
change electrodes 


e No de-scaling on multiple runs 







e Reduced operator fatigue 
e Light, well-balanced gun 


e Equally efficient on production runs or single 
maintenance jobs 















Sole distributors in U.K. 


RESEARCH & CONTROL 


This 
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207 KING'S CROSS ROAD, LONDON, W.C.1 
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